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' F‘Anaplllvlaiis Following i | )4 tion i
. i'-of Ancurine Hydrochloride
"‘_" ;'7 1 - ‘; (MLSS) V. 'ACHARYA, M.D.”" '
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=ttt 8, D, STORE, MD., MRCP,
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53" |l ‘12'. VI'-“Ar‘D . ' :~ b "o,
i, ¥« /A F. GOLWALLA, MD. | |
'_.7 = Department 'oI'Mcdicjine! o
*, King Edward Memorial Hospital, Bombay
" In the lst fow years, s in ghe case of pawcillin,
reports  of hypecsensitivity of Avaphylache rexchions
JSollowing parenteral use of vitaming hnie brem reccedel
(Prankiand, 1080, A cose of toral anaphylavie fillow -
Ing erol ingestion of 16D mg. teblet of Nueurine hydro-
chloride tvitamsin B) is reported here,
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ANATHYEAXIS FOLLOWING INGUSLION OF AKLURINE HYDROCHLORIDE—V. ACHARYA, ET AL, 83

) i Case Rurore i
A femnle patient, aned 23 yeaes, wis admitled to 17,
PO Hospitad on 22257 ar W0-15 A, wilh g history
of impestion of onx tablet of aneurine hydrochloride
(162 me) ot 800 A, Vithin a few minules of inges-
4 of the tablet, shie developed a rash and itching oll
over the buly, She compluined of fain in ihe chest,
dyepnoe and a chioking soneation in the throat alout
on hour Jater, - The relatives sevealed the history of
vthe patient having taken oue tablet of ancutine hydro-
chioride daily for 15 days twe monthy avo anl there-
‘gfter she had taken owe tablet on the morning of ad-

ission, Ui excnination, the patienit was cold and .

clarnssy., Her pulse, wae 80/3ninute, bload pressure was
70740 mm. . Hg, respiratory rale was a0/minute.’ The
‘ekin revealed on erythematows petechial rasl{ all over,
tic petechiae ranging in size from a pin point to a pin
hea. On systemic examinatiod, shie  was [fully con-
scions aml answered qguestiops relevanitly. Examination
-of the respiratory systewm, alimentary systein and central
-acrvous svstem did wmot reveal any abnormality.
Laboratory investigations revealed that her haemo-
Elubin was 12 g, per ceat sdd W.B.C. count 1,200/c.nim.
The electrocardiogtam  revealed  non-specific  ST-T
‘thanges. The patient was treated with intravenous
fluid infusions with wnoradrenaline; 1.V. hydrocortisone
169 mg. 6 hourly, injection antaroline hydrochloride and
injéctiof adrenaline (1:1000) 1, ml. stat. The bhloud
pressute was maintained around’ 120/80 mm. Hg. OUral
.autihistaminics wére continued. On the following day
at about 10 r.M. the paticat suddenly ‘becatre restless.
She was given symptomatic treatment but in spite of
¥l efforts she expired at ahout 10-45 p.or,
" Post-mortem ' examination = revealed  depigmented
patchies rapging from a pin point to a pin head in size
‘all over the skin. The lungs revealed matked pulmo-
pary - ocdema. The examination of the heart revealed
né infatétion. There were minimal  atheromatous
changes in the coronary arteries. IMistopathology fe-
‘vealed epidermal bosal celt’ hyperplasin of the skin.
Thc' tungs * showed dilated  bLronchioles. Intervening
Inng parenchyma showed fibrosis and infiitration with o
laige number of chronic inflamimatory cells. One of the
arterics showed cvidence of m recent thrombus. The
txaminatiot of the liver, brain, kidney, heart did mot
Teveal .any abnormality. h

.

- * Discussion .

Aneurine hydrochiloride, miso called thiamine hydro-
chiloride, s crystalline vitamin B,. It forms part of a co-
enzyme needed for further osidation of pyruvate which
is an intermediate prodact in the oxidation of glucose.
Taken by mouth, ancurine in quite enormous doses i9
without harmnful  elfect. Parenteral  administrativn  in
animals has shown that toxic effects are produced only
with doses of at least 1000 times the requirement.

In man, parentcral administration of aneurine is
rarely warranted. Very occasionally, patients who have
had aneutine parenterally on several occasions develop
a hypersensitivity. In (licse rare cases, on further ad-
sministsation, an anaphylactic zeaction may result,

ANl uutowsard reactinns to drngs‘ however, are wot
dnc (o allergy end such teswis as 'ikwsynclcﬁy',
‘intolcrance’ awnd ‘loxicity’ are mot meces uuily fFynosy-
mous witli allergy. Pharmacologicully, nujucrous vt

< ward tcactions may occur as a result of such complex

mechaunisius b9 intérlcrence with physiological activity
of spceific cuzyme systems. :

Allergic veactions, on the  other hand, require the
existence of lypersenaitivity mechanicm. In the case
of a simiple drug or chemical, it mast Le assmned that
there is a partial degradation of the offendivg drug with
transformation into a hapten which by coujugation be-
comes antigenic and thus capable of eutering the netes-
sary antigen-antibody relationship,

Thete have Leen isolated clinical reports of toxic te-
actions to parenteral sdministration of aneurine. These
probably represent rare instances of hypersensitivity
(Shure, 1961; Yodkin, 1058). In these cases reported in
literature, thiere bas been a history of having taken the
drug previouslv so that sensitisation had occurred. Any
fujection can cause sensitisation anmd one Luows fiom
experience with penicillin injection that the more the

" number of penicillin  injections  given  (he  greater

the chances of subsequent sensitisation.  Sensitisation
to vitamin B, injection does occur, yet it is difficult to
understand exaclly which compuneut of a vitamin tablet
or injection has acied as allergen.

Orat vitamin B, might cause allergic reaction in the
same way as docs oral penicillin. To our knowledye,
anaphylactic shock after tiblet has not bern reported
though thicre are case reports of severe allergic reactiona
after paienteral administration of ancurine (Shure, loc,
cit). ral alministration of a multivitanin  capsule
containing 1 mg. of aneurine is reported to have caused
a day-long lheadache but' the administration of other
vitamins, owitting ancurine, caused no reaction,

In the case reported liere, there is little Jdoubt that
the patient had typical symptoms and  signs of an
anaphvlictic reaction after the ingestion of - vitamin B,
tablet. Since there was the histay of havig taken
fiftcen tablets of B, hefore, the prolabiliy s that she
was sensitised to the drug and developed anaphylactoid
reaction.

SUMMARY

A case of fatal anaphviactoid reaction fllowing in-
gestion of ancurine hydrochiotide s reported and the
mechanisim of the same has been diaonsul,
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METABOLISM OF 2-14C-THIAZOLE LABELED THIAMINE IN MAN,
£._M. Soker, M. Sologh®, k. §. Pordini® ond M. €. Souberlich.
U. 5. Arny Med, Nes. i, . ver, (olo. .

4 in order to study the metaboliem of 2-'°C-thigzole lobeled thiomine
in mon; @ young male swhisct woe fed @ eontrollad dist providing shout
1.4 mg thlomine pei day. After these doys on this dist, he recelved an
orol dose of 0,592 mg 2-14Cthloxole lebeled thiomine (48.9 Jic). The
subject consumad the same diet for sventeer days after the administia-
tion of sedisactive thiomirm, ond the excretion of the radiooctivity in
urine, feces and mapiralory air was studisd. The doily urinary excre~
tion of rudionctivity for the ten days fellowing the dose was: 9.7, 6.7,
2.9, 2.5 2.2, 2.0, 1.4, 1.5, 1. 3and 1.4% of tha dose, respective-
ly. The toml mdknc!‘er oxcrated in faces during the three dupn
after the Ingestion of the C-thlemine, measured by combustion meth-
od, accounted for 3. 8% of the doss. No meownible omount of rodio-
active COq could be detacted in raplretory sir. The biclogicat half-
Itfe of the vitomin, os calculated frum the mle of excretion, was
estimated o by cbout sighteen dews. Fractionation of the dusalted
urins on gn Awberlite CG-50 column guve o pattem similar to that
obtatned by Bolaght and Pearson for similorly labuted thiomine in the
rot. (Fed, Proc., 24: 691, 19
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Metabolism of Physiological Doses of Thiazole-2-'“C-

labeled Thicmine by the Rat ,')7\(

!

MESBAHEDDIN BALAGHI*? ANp WILLIAM N. PEARSON

Division of Nutrition, Department of Biochemistry, Vanderbilt University
School of Medicine, Nashville, Tennessee

ABSTRACT

The metabolism of thiazole-2-1C-labeled thiamine was studied in the

rat in order to compare its metabolism to that of pyrimidine-*C-labeled thiamin.,
The catabolic products of the thiazole-2-'%C-labeled thiamine in the urine werc sepa-

rated by column and paper chromatographic techniques.

Mdare than 20 wurinary

metabolites were detected. The generation of *CO,; indicated breakdown of the thia-

zole moiety of thiamine.

The marked similarity in the urinary chromatographic

pattern found in this study to that obtained previously with pyrimidine-C-labeled
thiamine suggests that most of the urinary metabolites are derivatives of the entire

thiamine molecule.

Recent studies of the catabolism of
pyrimidine-'*C-labeled thiamine have dem-
onstrated the presence of a minimum of
22 different metabolites in rat urine (1).
Of these metabolites only thiamine and
2-methyl-4-amino-5-pyrimidinecarboxylic
acid have been identified (2). In an at-
tempt further to elucidate the nature of
the remaining unidentified thianine me-
tabolites, studies of the overall catabolism
of thiazole-*C-labeled thiamine have been
carried out and are presenied in this
report.

MATERIALS AND METHODS

Adult female rats of the Sprague-
Dawley strain were used throughout the
¢xperiment. Housing of the animals, col-
lg‘qtion of urine and feces, and the compo-
sition of the thiamine-deficient diet have
L*cen described previously (3). Thiazole-
2"C-labeled thiamine was purchased from
xhe_Nucl‘car Chicago Corporation (specific
«clivity 5600 cpm,'ug). The purity of the
tompound was checked by column chro-
':\atogmphy, paper chromatography. ra-
“iautography, thiochrome analysis and
reatment of thiamine deficicncy in rats.

'H.w rats were depleted for 3 weeks with
3 thiamine-frec diet and then intraperito-
“cal injections of radioactive thiamine
“tre started. They werc maintained for
f weeks at each thiamine dosage level so
‘hntl equilibrium was attained and the ex-
{retion of radioactivity in the urine, feces,
ind the respiratory CO, was studied. Daily

1 Nurarnonw, 89: 06

thiamine intake levels of 30 g, 50 ug and
100 ug were studied.

At the end of each 24-hour collection
period, the urine was pooled and an ali-
quot was taken for liquid scintillaton
counting. Feces samples were homoge-
nized with 10 volumes of 0.2 N sulfuric
acid in a Waring Blendor. The homoge-
nate was steamed in an autociave for
30 minutes and centrifuged for 15 min-
utes at 10,000 rev, min., The precipitate
was resuspended in another volume of
acid and re-extracted in a similar man-
ner. The comnbined supernatant soiutions
were stirred for 30 minutes and duplicate
samples were taken for scintillation count-
ing. For respiratory studies, the rats were
placed in a respiration chamber and the
expired carbon dioxide was collected by
drawing the expired air first through a
colurnn of Drierite and then through 2
successive cylindeis, each containing 300
ml of a mixune of ethanolamine and
cthylene glyccl monomethyl ether (1:3 by
volume) as suggested by Jeffav and Al
varez (4). At the end of each experiment.
the cthanolamine trapping mixtures were
combined and stirred for 30 minutes, and

Rawnvo;lor publication February 1, 1968,

t 8 p in. part by Public Health Service Re-
seurec] rﬁ‘m no. AM»OW?W and mo. AM 8441 from the
Nat ] ﬂmtc of Arthyitls and Metabolic Diseases.
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duplicate samples were taken for scintilla-
tion counting.

The radioactive metabolites in urine
were p by adsorption wpon acid-
washed charcoal and elution with a mix-
turc of pyridine/ethanol/water (10/45/
45 by volume). Eighty-five per cent of
the radioactivity was adsorbed on charcoal
and 75% cf the adsorbed radioactivity
was eluted by this method. The eluate
was then subjected to chromatography on
Amberlite CG-50 resin. Each peak ob-
tained frora this column was further re-
solved by.ascending paper chromatography
and the radioactive bands were localized
by radioautography. The details of these
procedures have been described by Neal
and Pearson (1).

For determination of radioactivity in
the fractions collected from ion exchange
chromatography, 0.5 ml of each fraction
was placed on an aluminum planchet,
and 1ml of ethanol was added. The
planchets were then dried and counted in
a Nuclear Chicago D-47 gas-flow counter
equipped with a Model MS5 sample
changer. The radioactivity of the urine
samples, feces extracts, and the pooled
peaks obtained from column chromatog-
raphy of urinc were determined by liquid
scintillation counting. The scintillation
fluid used consisted of a mixture of; naph-
thalene, 100 g; PPO (2,5-diphenyloxazole)
7 g; POPOP (1, 4-bis-2-(5-phenyloxazolyl)-
benzene) 0.3 g; and sufficient p-dioxane
to make the volume up to one liter. The
scintillation fluid used for counting the
ethanolamine CO, trapping mixture was
a 2:1 mixture of toluene and ethylene
glycol monomethyl ether which contained
5.5 g of PPO/liter. In each case 10 ml of
scintillation fluid were used per ml of
sample and the internal recovery tech-
nique was wused for correction of
quenching.

Bioautography with the medium of
Deibel et al. (5) was used to determine
the biological activity of radioactive com-
pounds found in urine. For this purpose
200 ml of single strength Lactobacillus
viridescens thiamine assay medium * con-
taining 2% agar was autoclaved, cooled
to 45°, seeded with a washed suspension
of a 24-hour-old culture of L. viridescens,
and poured into a rectangular glass dish,

MESBAHEDDIN BALAGHI AND WILLIAM N. PEARSON

When the medium solidified, the entire
paper chromatograph or the excised bands
containing the radioactive metabolitcs
were put on the surface of the plate for
1 to 5 minutes. The paper was then
removed and a layer of 400 ml of sterile
2% agar containing 25 ml of a 2% aquc-
ous solution of 2,3,5-triphenyltetrazolium
chloride was poured on the plate. When
the sccond layer solidified, the plate was
covered and incubated at 30° for 24 hours.
The growth areas appeared as diffuse rcd
spots against a yellow background. It was
possible to detect the biological activity of
0.1 mug of thiamine by this method.

RESULTS

When the injection of thiazole-*C-la-
beled thiamine at a level of 30 ug daily
was initiated in the thiamine-depleted rats,
only 3.1% of the injected radioactivity
appeared in the urine during the first 24
hours. This percentage increased slowly
day by day and reached 43.7% on the
twelfth day of injection. As the dosage of
thiamine increased, a larger percentage of
the radioactivity appeared in the urine. In
table 1 it is shown that the urinary excre-
tion of radioactivity accounts for 29 to
42% of that injected when the thiamine
intake is between 30 and 100 ug‘day. The
rather large standard deviations obscrved
were due in part to the difficulty of ob-
taining complete urine collections.

Analysis of the feces collected during a
9-week period from 16 rats maintained
with 30 ug of 'C-thiamine /day vielded an
average daily fecal excretion of 17.5% of
the dose. As in the casc of urine, the
radioactivity of the feces increased grad-

TABLE 1

Urinary excretion of “C-labeled thiamine
compounds, expressed as percentage of
the dose of radioactive thiamine !

E ted
Dose i: (;Ircril:t‘
K9 %
30 . 29.18:+ G6.70%
50 3829+ 545
100 42.00 + 10.08

! Each figure represents the mean daily excretion
of 16 rats for 4-week periods (30 and 50 ag) or
car::ek period (100 u%‘f

¢ Difco Laboratorfes, Detroft, Michigan.

\
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TABLE 2

Excretion of radioactive CO, by rats receiving various

dosage levels of

thiazole-*‘C.labeled thiamine

20 pg/day 80 xg/day 100 xg/day
o O "o
% of dose % of dose _";.;f”doce

7.0 23.5 7.3 14.6 7.2 7.2
5.4 183 6.8 13.6 7.8 7.8
8.1 27.0 6.6 13.2
a.1 27.0 6.5 13.0
7.2 24.2
7.1%1.1° 24.0+3.61 6.8:x0.35 13.6+1.24 7.5+042 7.5+0.42

1 Each the 14C ted In a 24-h {od by a single rat ssed as .

hof };ﬂ::u‘ﬁ"lﬁﬁmm :t no’ peel::cc‘:‘xet:ne of.the d‘:::. p?hg va u:s"antgti: " "‘.fxfﬁ“s'f&&' ::;iir&

ﬁﬁ' present 24-hour collections
ually after initiation of the injections and
only 11.8% of the intake appeared in the
feces during the first week.

Table 2 shows the results of the respira-
wry studies. These were carried out at
various times during the fifth and sixth
weeks after initiation of the particular
dosage in question. With thiamine in-
wkes of 30, 50 and 100 ug/day, 24.0, 13.6
and 7.5% of the injected dose is excreted
as radioactive carbon dioxide, respectively,
The absolute excretion of “CO, was rela.
tively constant at the 3 levels of intake.

To study the rate of turnover of the
urinary thiamine compounds, 6 rats were
depleted for a period of 3 weeks by feed-
ing a thiamine-deficient diet. The animals
then received daily injections of 30 ng
thiazole-C-labeled thiamine for 3 weeks,
At the end of this period the injection of
“C-thiamine was stopped and daily injec-
tions of 30 ug of unlabeled thiamine were
begun. The cxcretion of radioactivity in
the urine was studied over the 32-day
Period starting with the last injection of
the “C.thiamine. Figure 1 shows that the
'ate of loss is a hyperbolic function with
a halflife of about 9 days. The effect of
thiamine deficiency on the urinary cxcre-
Uon of these compounds was studied in
another group of rats whose body thia-
Mime stores were labeled by daily injec-
‘ons of 30 ug of thiazole-C-labeled thia-
Mine. Thiamine deficiency. was then
induced by discontinuing the thiamine
Injections.  Measurement of the radioac-

but those at the 100-ug dosage

Ievel are exwrapolations of 8-hour

tivity in the urine of these animals gave
a curve similar to that in figurc 1, but the
early part of the curve was stecper and
the half-life of the radisactive components
was about G days, 33% shorier than in
the case of thiamine-sufficient rats.

A typical Amberlite CG-50 clution pat-
tern of the radioactive metaboliics of thi.
azole-*C-labeled thiamine is shown in
figure 2. In most experimenis between
75 to 90% of the radioactivity placed on

90

co.m x j0-?

bAYS

Fig. 1 The daily urinary radioactivity of rats
receiving 30 ug of thiazole-C-labeled thiamine/
day for 3 weeks when transferred to 30 ug of un-
labaled thismine/day. Each point represents the
tatal radioactivity excreted in the 24. our urine
samples of 6 rats.



the column was recovered by liquid scin-
tillation counting. The radioactive metab-
olites were resolved into 5 peaks. Table 3
shows the percentage of total radioactivity
residing in each of the 5 peaks at the
30- and 50-ug levels of intake. More than
50% of the total radioactivity appears in
the thitd peak. Peak IV (which contains
thiamine) was found to contain an in-
creasing percentage of the total radioac-
tivity as the intake is incrcased.

Since it was known that the main com-
ponent of peak I is a pyrimidine carbox-
ylic acid (3) and since urinary pigments
render studies of this peak diflicult, this
peak was not studied further. Peaks II,
Hi, IV, and V were reduced in volume

]

of

N

wp.m x to°2

A A iy a 1. A 1

3 40 850 60 7 80 SO0 100
FRACTION NUMBER

A
© 0 20

Fig. 2 Column chromatography of desalted
rat urine on Amberlite CG-50 (200-400 mesh;
H* form, 1 X 40 cm ¢olumn). F¥low rate 60 ml/
hour, fraction size, 5 ml. The activity in counts
per minute as determined by gas flow counting is
that of 0.50-ml aliquots of the 5-ml fractions.

TABLE 3

Distribution of radicactivity among the 5 peaks
obiained from Amberlite CG-50 chromatography
of desalted urine from ruts recriving 39 or 50 ug
of thiazole-'sC-labeled thiumine day

Daily intake of thinmine !

Peak U

no. 30 ag,/day 50 ug/day
% of total urinary radioart;ﬁ;

I 7.0+12: 93+33

1 12910 10.7+1.2

34 63.2+1.7 53.2+49

v $6+09 19939

A\ 11017 6.5+59
i The values at the 30 ug intake level are the
‘a‘mut ”:mnu. c:c :&:’fﬁﬂ:ﬂnf-" re resre‘nt-
week urine

eolieﬂcd 18 rats. The values at the 50-

Iw.t:; are average of 6 meh'emri‘mevxf.‘. intake

MESBAHEDDIN BALAGHI AND WILLIAM N. PEARSON

under vacuum at 40°, lyophylized, ;4
dissolved in 0.5ml of water. Ascendip,
chromatography was then carried oug 4.
18 hours on Whatman no. 40 filter Pag
in m-propanol/water/1 M acctate by, ;
pH 5.0 (70/20/10 by volunmic). The dry
paper was exposed to Eastman No-Scy, .,
x-ray film for 5 to 30 days dependn,
upon the radioactivity of the sampl
Figure 3 shows a schematic represeng.
tion of the radiocautograms with the -
compounds of quantitative importance b
ing accented with thick lines. The meun
R valucs of the 10 radioactive metab.,.
lites found by this method are also showr
These values varied considerably fron,
one chhromatogram to another hecause ¢
the variable amounts of brown urinurv
pigments that were present. The latter
appeared in rather large amounts prin-
cipally in peaks II and III

After the compounds were located on
the paper by radioautography, their bic-

Solvent Front

4+

0.91 w—rmem

oe3—tt

o074 -1t

0.66 . 4. S8

9.3 33 oeo-ti
' o,55—+_t— +4

0.50 LA

o4s—tti_

+44

0.40 wemnwum

0.25 e

o7 At

Peoks T m v v

Origin

Fig.3 Schematic drawing of radioautograms
of radicactive peaks seen in figure 2. Solvunt
n-propancl/water/1 M acetate buffer pH 5.0 (70
20/10 by volume). Ascending technique for 15
hours. Chromatograms were exposed to the X-rid
film for 10 days. The thick lines represent the
main components of each pcak. The mean I
values are shown to the right of cach band an'
the biological activity for L. viridescens is show.
on the left. (+4+-++4 extensive growth; -+ -
good growth; 4 -+ slight growth, — no growth.!
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checked by bloautog-

of these studies ng
3. Al of the 10 metabolites except
 metabolite with the R, of 0.85 in peak
il and the metabelite of R, 0.84 in peak
v showed traces of blclogical activity for
L viridsscens. Tube assay of the urine,
wwever, indicatedd that the percentage of
microbil | activity was no more than
1% of that foudd by measurement of

.
b

ed

al activity.
iy. The »e

1 11

1

DISCUSSION

As the dosage of thiamine was in-

ceased, the amount of radioactivity ap-

in the urine also increaged (table

(1). For example, when the daily thia-
nine intake was increa

e T it e
ippearing in urd n om 20 to
4%' m'.lntuh. Undez these conditions
the metnbolite In' urine that increased dls-
proportionately with the dosage was thia-
mine deelf (table 3), i.e., when the daily
glainm &mﬁu m;- mm:utg‘ :flomﬂw to

i, the perceniage of total urinary
mﬂo‘wﬁM? in peak 4 (which contains
thiamirie) incroased 3 times (fvom 5.8 to
190% ). This obeervation agrees with
other data roported from this luboratory
::) ‘ﬁu is :;mmmn;t ‘wtth the co?cmpt
hat urinary froe thiamine represents an
amount m“cx w8 of tho minimal physio-
logical needs of the animal,

Incono and Johnson (8) reported that
16 urinary motebolites of thinzole-''C-
Isbeleet thiamine were cxcreted by the rat.
In this study using a more elaborate sepa-
tatlon procodure we have detooted 10 in
addition (o those present in peak I of the
Ambertige Gﬂ% eolumn, Hud the latger
tven eomaidered, our tota) would have ox-
‘eded 90, 1.0, parable to \:r?. num

P

lound in our previovs studies i
dine “Cilabeled thinmine (1), The data
“f Incotio. on (8 dicate

sed ‘from 30 to
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The breskdown of the thiazole ring as
evidenced by the generation of “CO, is in
acoord with other reports in the Hterature.
Borsook et al. (7) studied the metabolism
of *S-labeled thiamine in man and found
up to 25% of the intake as inorganic sul-
fate in the urine. lacono and Johnson
(8) recovered 0.2 to 3.7% of a 1-mg dose
of thiazole-“C-labeled thiamine as respira-
tory COs. The quantitative aspects of the
data reported by these 2 groups of workers
cannot, however, be compated with those
recorded here since their data were ob.
tained in acute studics, whereas vurs were
derived from long-term studies at physio-
logical levels of thiamine intake. In these
studies, with daily thiamine intakes of 30,
50 and 100 .g, 24%, 13.6% and 7.5%
of the radloactivity was excreted as “CO,
and the absolutc values for radioactive
COy excreted were equivalent to 7.1, 6.8
and 7.8 ug of thlamine, respuclively,

These data indicate that' the thinzole
ring of thinmine is considerably more la-
bile than when It oxists as the free thia.
zole molety. The latter s quite stabile
metabolically as shown by the experiments
of Imal et al. (9). These workers injected
"S-labeled 4-methyl-5(2 hydroxyethyl) thi-
azole Into rats ahd recovered more than
88% of the dose as 4-methylthinzole.5.
acetic acid, a derivadve of the intact
thiaxole ring. This stabllity diffevence can

demonstrated in vitro ns. well, ie., a
PH of 8.2 Is sufficient to open the thiaxole
ring of thlmning to give a thiol form
which roadily oxidizes o the disulfide in
air at room lemporature, Under similay
conditions, the irce thiazole molecule ve-
maine intact.

Am«unr to currently accepted theory,
the carbon In the Q-position of the thianc
ring Is the active rao«bolic site of the
thiamine molecule. Because, in our stud-
ies, the absolute amount of thismine de-
stroyed by exidation of this carbon atem to
“CO: approximates the minimum thia-
quirement of the rat (10) (7-8 ug)

it is tempting to suggest that this oxida-
tive - I gg&'hl;mﬁ« of nhg “endug-
enouy”® m& ”I;?'ﬁh%ﬂ sation (minimal ro-

2 ﬁ:?aug‘“’ é;:‘h:“g‘d:f

urther that this
nde lol';ﬁlm ine intake. Whether it s
500@ l&m ent

ody stores cannot be
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decided since no estimates of the latter
were made.

The pattern of urinary radioactivity ob-
tained by column chromatography on CG-
50 (fig. 2) strongly resembles that reported
by Neal and Pearson (1) in similar studies
with pyrimidine-*C-labeled thiamine. Since
the pyrimidine ring is not broken down to
form CO, &t would be anticipated that a
higher percentage of radioactivity from thi-
amine containing “C in the pyrimidine
ring would appear in urine than from thi-
azole-“C-labeled thiamine. This has actu-
ally been observed by Neal and Pearson
(unpublished data) who recovered 76 to
81% of the injected radioactivity from the
urine of rats that had received 100 ug of
pyrimidine-labeled thiamine daily for a
long perfod. In these studies which were
carried out with thiazole-“C-labeled thia-
mine under essentially equivalent experi-
mental conditions the recovery of radioac-
tivity from urine was only about 40 to
45% .

The marked similarities of the urinary
chromatographic pattern * obtained with
both thiazole-“C- and pyrimidine-“C-la-
beled thiamine suggest that the large num-
ber of thiamine metabolites found in
urine by Neal and Pearson (1) may be
derivatives of the entire thiamine mole-
cule rather than metabolic products of its
pyrimidine or ihiazole moieties. Further-
more, the marked lability of the thiazole
ting observed in this study makes it highly
unlikely that frec thiazole or its deriva-
tives occur in any quantity in rat urine.
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INTRACELLULAR DISTRIBUTION OF RADIOACTIVE
THIAMINE IN NORMAL AND THIAMINE DEFICIENT RATS.
M. BataghPand W. N. Pearson. Div. of Nutrition, Depts. of

ochem. an ed., Vanderbilt Univ. Sch. of Med. ,
Mashville, Tennessee.

Dislr!buum of radioactive thiamine in intracellular frac-
tions of liver, brain, kidney and testes was studied in adult
fats maintained on a physiological thiamine intake. In all
Hesues 60-70% of the radioactivity was found in the mito-
thondrial plue scluble fractions. About 20% was present in
the nuclear fractions from liver, kidney and testes but only

was found in brain. Liver and kidney microsomal frac-

tions contained 7-8% of the radioactivity but 20-24% in brain
Wnd teates sppeared in this fraction. During thiamine deple-
tion the radicactivity of the intracellular fractions of all
tisnues depleted at the same rate i. ¢. no one thiamine com-
Partmaent is preferentially maintained. This suggeste that
transketolase (the enzyme most sensitive to thiamine defi-
tiency) haw a higher thiamine requirement than other

iamine-uquirin. enaymes or that the apoenzyme leve! in
feduced. (Supported by Grant AM-07709 from USPHS. )
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Gunther BARTI, Eric DISTER and Herbert GRAZBNIR

ADDITIONAL DRUG THERAPY OF THE TUMOR BiD

Report IVs investigations concerning the problenm
of the paratumoral effect of thiumine on the
regression of the  experimental sarcome 180 and
the survival time of the homozygous mouse strain

NMRI.
Wwith 5 figures
It sesmed expedient to include vitamin B as

well within the scove of present test series, in‘aéditian

to irradiation , when investigating the drug therary
applied to the healthy tumor environment., Findings in
recent years indicated that hardly any rezactions occurred
after irradiation therapny of malignant tumors in patients, follow=
ing thizmine and pyridoxine doses., .s exrly as 1942
BOTSZTZIN (5) and LUDIN (6) obtained good results during
radiztion syndrome therapy - by using vitamin B epplication,
In 90 # of the cases improvement could be achieved1 resarding
complainte which occur in the course of the raliation
syndrome; therefore th: initiated irradiation therasy coul?
be completed without interruptions. 3ince only very Tew data
are available so far in literature on the an lication of
thi. mine and pyridoxine for tumor therany, we investiated the
effect of these two comnounds on the fast-growing sarcoms 1 0
(CROCK 'R-sercom®) in on inbred mouse strain (see alss the

following report).
Reproduced by permission

1 - _ of the copyright owner



"he invastigation is intended to clarify how far

vitamins B and B, administered in addition to irradintion

therany, %romotestumor regrecssion and nrolong surviv.l time,
Regarding vitamin B : it i1 considered nroven today

thut said vitamin is in%olved ar co-factor in ecsenti .l

intermediary metabolic processes, Carboh;jdrate metabolirm <hould

| be mentioned in the first nlauce: vitimin B is correl .ted with

the s me., The vitamin B requirement depengs on thez extent of

the carbohydr:.te supply} since a diet rich in carbohydr .tes

increases the thiumine need (7). .8 pyro-hornhoric ucid

ester, thimmine constitutee th: co-ferment of the carboxylase

which develons at various points during carboaydriate decom-

nosition, Ite imvort nt task consists in the decaroxylation of

the o»yruvic acid which finz 1y leads to. . the formation

of the acetyl-coenzynme A; with tho aid of tho latter,

oxalacetic aci¢ ic condensed with "activated" acetic acid

into citric z2cid., hir involves the trancition

from anaerobic to aerobic _lyscolysis which then occurs

in th: so-called citri~ acid cycle (8), ‘urthermore,

carbo:ylase brings about the conversion of X=ketoglutaric aecic

into =succinic acid, - ‘lowever, onyruvic zcid and

X~ "=toglut :ric acid aie cenerated on a lwrger scale

when tie organir: i- subjected to the effect o irvadi.tion 3).

Reduction of tne alk:zli reserve -—oul’ result,

following the’ retention of these "slag-substincesn,
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of vitamin

1) 3tart of the niratumoral vitamin 3 -theruvny,
2) Tumor volume 1

3) 0,5 mg vitamin 3 4 .ily, naratumorally

4) 1,5 mg vitamin 31 daily, viratumorally

5) Growth controls .

6) Time after imnlant.

!ethodologx

lhe ex eriment: were ‘erformed in a total of 235 m-le
albino mice of th: inbred strain MRI (Vav:l-sedical Rese rch
Institute), e uced the hi-iologically confirmed CROCK %=
sarcomz of the mouse as test tumor, known under the delinition
S 130; it was implanted according to th: method of DuPTLL
and JILTSLA (10,11),

7e irr:dizsted unier “enth theran; conditiong, using the
method « ecified earlier (12). Initiall;, a orcliminary test
waB nerforued on t:e 6th day after the tumor imnlant
this involved parmtumor .1 vitzmin 31-tre_',t:1:ent of  the
non-irradisted tunor.

-3 -



To determine whether the effect on the non-irfaﬁiated tumor
depends on dosage, we tested +two differently strong
Vitamin B doses* , namely: 0,5 mg as we'l as 1,5 mg/day.

HAUR% and DITTMEYER (13,14), who investi.;nted the effect
of ionizing raliation on vitamins, found th 't the vitomins
are thereby more or less com letely destroyed. To avoid
the chzmicaleradiation alteration of vitamin B in the
organism of test animals subjected to X-rays, ie always
injzcted the .revaration during the princical test
following each irradiation only.

The investizations summerized in kigure 1 showed that
with a daily admini-tration of 0,5 mg thizmine, tumor
srowth accelerates stirting from the 1lth day after the
Amplant a~ conrpared to the controls, I[he sarcom:s in
the animalsz treated with 1,5 mg ~ vitzmin B daily showed
less and slower growth, definitely'ht'vaxia;%e"~ from
the controls,

The Jeath rite curve indicates that th: anim.ls
initially lived longer with thiamine doses of 92,5 and
1,5 mg res-ectivel;y; later, however, the ‘eath rate acce-
-lerated ; one anim~l survived, The 1,5 mg vit:min B
dose hid a more favorable effect on the tumor volu;e than

the smaller dose; it was therefore selected {or the

main test (~igure 2),

*) nw3enerva" of +th. Germun Hoffmann~- Ia Roche Ltd, (Co.,
srenzach/3Baden,
-4-



FIGURE 2., Death rate curves of the preliminary test.

1) Start of the vitamin theravy
2) Survivals
3) 0,5 mg vitamin B_ daily, paraitumorally
4) Controls 1
5) 1,5 mg vitomin B,daily, parztumorally
6) time after - implang.
7) days, o

For =  subsequent X-ray irmadiation,we selected
the opntimal individu:l dose of 510 R applied every szcond
day, foun? earlier by BARTH, GRASBNIR and .CH"MAHN (12),as

tected in a heterozygous "H#ndler" strain, To
eliminate injection stress as a vosciblc error source
when evaluating curviv:l time, control animals raceived
0,2 ml of a nhywiologic common szlt solution - daily,
anvlied n»aratumorally, Irradiation was started when
the average tumor s8ize re.:ched . ths volum: of 2 ml,

Result

Jith daily vn.ratumorzl administration of 1,5 mg
thiumine , minor tumor volume increase bec me initially
evilent; from the 4th day a.ter the start of
thez irradiation , lowever, the surcoma 130 regrensed
continuously un to the last day of the irradi .tion.
To dircrminate between the local vit-min B afrect

1

-5 -



with »naratumoral anplication and - the generul effect of
thizmine, we administered thiamine intramuscularly to

g second anim:l group, i.e. not in th vicinity of tumors,
In thi case, the e#perimentxl tumor was much less strongly
affected, (fhe substantial volume regression un to the

14th day after the stuirt of thc therany i not the recult
of successful irrzdi-tion therapy; 1insted, it originates
from the survival of a single animal with a very small
tumor),

The tumor volume in the control groun increared
initially up to the very high average v..lue on the 3th day
after the start of th: irradiation; but it continued to
decreace subsequently u» to the 1l4th day, to 2,3 nl.

The carcon® bsga2n to grow again up to the 18th day;
then . | marely hesitunt tumor regression
was evident up to the 22, day (Figure 3),

the leath rat: curves are of snecific interest here:
ar comp red with controls which were subjected to
irradi~tion onlry, the death rate curves, a- those of the
preli-in.ry test, indicate a sub-tantizlly accels ated
de=th r<te for thekanim.ls with »aratumoral as well an
with intramu-culur administ-ztion of vit-min B ,
Reverthlessz, a cigniiicznt dros of the surviv%l rate is
evident in the control groun as well, since all znimuls hna®
died by the 22nd day a ter the start ol the irradi-tion.
Chir i+ a vignificantly voorer result than obtuined wigh
similar tests 1in mice of a heterozygous ctrain (Tdigure 4),

-6 -
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FIzU2E 3, Tumor volume develonment in cace of v.ratumoral

ap:lication of vitamin B, as comvared with the
1

controls.

1) Tumor volume

2) X-1ay controls

3) Ye-ray and vitomin B, naratumorilly

4) Teray and vitamin Bl, intr muscularly
5) Days alter sturt oflirradiation

6) days,



Discussion of th: test re-ults,

Under X-vay irradiation, the efect on tumors nroved

to be unsati~f ctory in 100 mice of a homoz gour ot:-.in with

sarcom® 180, Th: number of test animals was kent inten-

tionally high so as to obt in »r-cise dota on taie ef 'ect

of the irradi tion in 48-hour cycles. <The earli:r de.th of
the animnls--none ol thom curvived the 22nd day folln:ing
the st .rt of the irradiation--not only oroves the exi~tonce
of a correlation between tumor size, the apnlied hi h-volume
dose an¢ survival time, but also excludes any com: riron

with earlier recultes renorted by us (1, 2,3,7).
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FIGURE 4. carlier de.th of 2nimils  rub--ct to narentazol

vitinin 2 adminictr tion an” =7y ir-223i tinn,
)
2 cocrared with tie - 27 controls,

o

1) urviv:ls
") Yer:.y controlc

i; X-”?? and %,; ng Vlfimiﬂ 3¢y 1eme aily,
Xeray dails; 1,5 ms vit min .3, reratunorall-,
5) TMne a’ter st rt o ir: di tien} )
Co dys,
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PIsULs 56 Signiticant difference in tumor volume deveolonment

during X-ray irradiation and daily naratumorail

adninictrotion of vitumin B ( sha‘ed area =
1
3 x aver.;c error of the averase vailue),

1) Tumor volume
2) X-ray controls
3) X-ray and daily 1,5 mg vitamin 3B,, ~aratumorzlly
4) Time after start of irradi-tion 1
5) days,

Under thie direct efiect of thizminc on the tumor hed
a significant differeme in tumor volume 4 velormont hecome
evident; however, thc general con’ition of th: animals
had deteriorated conc~ider bly an a conrecueace of fresucnt
necro<es, 2= the de th rate cur-es indicate (Fisure 5),.

The results o7 this initi~l tert reries concernin:
the adninictration »f vitomin Bl dvring tumor ir-4i ti-n
lezd to taie conclution t:.t thi minz, reru zbly on the
basis of its close correlntion with carbo™ <r.te met moli -,
im- roves oxr ;en utilization in the arncumora2l tirsue on tho
on . h=nd, bdut on t1: athior haad aro in t- tunor cell itcelf,

s for © .7 e /ect of vit nmin 31 on the “urviv-l r te in

cae of ler:y ir: fistion,
‘9-



the rerults of other invectigetions ares not very convincin:
either; for ex=umvle: rurvival time tested by “7.B (1£)

in the course of ir-adiation involving the entir: bo y

of tuivnoler exyosed to an environn:nt contrining vitarin B,
and the finting - of .DTRLICH (16) /o lik:wise tes-.ed !
vitumin B in t.'poles under tiie eflect ol -rays. Our
findings éomon"tr;te: the thiamine effect doer not »rolon:
the rurviv:l time of th: animals in carce of th  fasrt-groin-
UROCHER sarcoma in nice of the NMRI inbred strain; insteas,
the surviv:l tim: ie,sur-ri-iangly, abbreviated. .e are
thorefore of oninion t1 .t the effect of vit min 3 on the
surviv .1 time of th - anim:ls an® on the tumor vo%ume s ould
be investi ated in "eierozrcous mouse str.in- as weli, w' er
identical tect conditions, ain’ we con~idcr it n:cersiry

in general to undertuke similar investi jationr, using

other tyres of ex erim-nt .1 tumors,
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Aus der Modizinischen Universititsklinik Erlangen-Niirnberg (Direktor: Prof.
Dr. N. Henning) und der Wilhelm-Conrad-Rbntgen-Klinik der Univeraitit GieBen
(Direktor: Prof. Dr. Dr. G. Darth)

Zusiitzliche medikamentdse Behandlung des Tumorbettes

1V. Mitteileng: Untorsuchungen sur Prags der paratumoralen Wirkung des
Thiaming auf dis Rilckbildung des experimentellen Sarkems 180 und die
Uberlebonasit des hemazygaton Milnsestammes NMRI

Voa
Gnlhr,&rtll. Erlich Dister und Hcrbm,Gncbm

- Mit 5 Abbildunges

Im Rahmen der in dieser Untersuchungsreihe zusitzlich zur Bestrahlung zu
erprobenden modikamentssen Behandlung der gosunden Tumorumgebung
[1, 3, 3, 4] schien os angeraten, auch das Vitamin B, einzusetsen. Erfahrun,
der Jahre seigten, da8 durch Gaben von Thiamin und Pyridoxin m
Patienten kaum Reskiionen nach Strahlenbehandlung bBsartiger Tumaren auf-
traten. Durch Vitamin-B,-Applikation erziclten schon 1842 Hotsztejn 5] und
Lidin [0] bei der Therapie der Strahlenkrankheit gute Krfolge. In 90% der
Fille konnts Bessorung der beim Strahlensyndrom auftretenden Beschwerden
erreicht und so die bogonnene Strahlentherapie ohne Unterbrechung zu Ende
gefithrt werden. Da bisher nur sehr spirliche Angaben iiber dis Anwendung
ven Thiamin und Pyridoxin zur Tumorbehandlung im Schrifttum vorliegen,
untersuchten wir den EinfluB dieser beiden Verbindungen suf das schnell
wachsende Sarkom 180 (Crodker-Sarkom) an einem Miluse-Inzudhtstamm (s. auch
nachfolgende Mitteilung). Es sollte dabei geklirt werden, in welchem Umfang
dis Vitamine B, und B, zusiitzlich zur Strahlenbchandlung die Tumorregression
firdern und die Uberlebenszeit verlingern.

Fir das Vitamin B, gilt heute als erwiesen, daB es als Co-Faktor an wesent-
lichen intermedidiren Stoffwechselprozessen beteiligt ist. In orster Linio iat der
Kohlenhydratstoffwechsel zu nennen, mit dem es in Wedhselbeziehung steht,
Der Bedarf an Vitamin B, hiingt vom Umfang der Kohlenhydratzufuhr ab, da
kohlenhydratroidie Kost den Thiaminbedarf erhiht [7]. Als Pyrophosphor-
siureester bildet Thiamin das Co-Ferment der Carboxylaso, die an versdhiedenen
Stallen des Kohlenhydratebbaues ansetzt. Thre wichtigste Aufgabe besteht in
der Decarboxylierung der Brenatraubensiure, wodurch letztlich die Entstehung
vor Acetyl-Cosnsym A vermittelt wird, mit dessen Hilfe die Kondensation von
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Zait noch Ubarimplung "
Abb, 1. Tumorsniwicklung unter psratumoraler Verabreidiung sweisr vorschieden hoher Vitamin-
B,-Dossn ohne Réntgenbastrahlung.

Oxalessigsiure mit ,aktivierter* Essigsiure zur Zitronensiure erfolgt. Damit
crfolgt der Ubergang von der anaeroben zur seroben Glykolyse, die dann im
sogenannten Zitronenslurezyklus abliuft [8). Weiterhin bewirkt Carboxylaso
die Uberfiihrung der a-Keto-glutarsiure in die Bernsteinsiure. — Brenztrauben-
silure und a-Keto-glutarsiure werden sher gerade bei Strahleneinwirkung auf
dem Organismus in vermehrtem Umfang gebildet [9]. Verminderung der Alkali-
reserve durth Liegenbleiben dieser ,Schlackensubstanzen® wiire die Folge.

Methodik

Die Experimenle erfolgton an insgesamt 235 ménnlichen weifien Méusen des Inzudat-
stammes NMRI (Naval Medical Research Institute). Als Versuchstumor verwendeten wir
das unter der Bozeidhnung S 180 bekennte histologisch gesicherts Crodcer-Sarkom der
Maus, das nach dem Verfahren von Oetlel und Wilhelm (10, 11] dberimpft wurde.

Wir bestrahlten unter Tiefontherapichedingungen in dor gleichen Weise, wie frither
beachrisben {18). Zuniichst wurdo in cinem Vorversuch am 8.Tag nach der Tumor-
transplantation mit der paratumoralen Vitsmin:B,-Behandlung des  unbestrahlten
Tumors begonnen. U abyugrenzen, ob die Becinflussurig des unbehaudclton Turjors
cine Doalsabhingigkeit seigt, testoton wir zwei verschieden hohe Dosen von Vitamin. LAS
und zwar 0,5 mg sowle 1,5 mg/die.

Maurer und Dittmeyer |13, 14], die die Wirkung von lfonisierenden Strahlen auf
Vitamine untorsuchten, siellton fest, daB diese dabei mehr oder weniger zerstbrt werden.
U oine strahlenchemisdie Veréndorung des Vitamin B, im Organismus der Versuchs-
tiore unter Rintgonbestrahlung zn vermoiden, injizierten wir daher im I{auptversudh
das Prilparat immer srat im AnschluB an jode Bestrahlung.

Die in Abbildung 1 zusammengefaBten Untersuchungen ergaben, da8 unter
tiglicher Verabreichung von 0,6 mg Thiamin das Tumorwachstum voin 11, Tag
nach Uberimpfung an gegeniiber den Kontrollen beschleunigt ist. Bei den tiiglich

¢ Benorva der Deutschen Hoffmann-La Roche AG., Grenzach/Badea.
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mit 1,5 mg Vitamin B, behandelten Tieren zeigten die Sarkome geringeres, von
den Kontrollen dnudi&a unterscheidbares langsameres Anwachsen.

Aus der Abswerbekurve geht hervor, daB bei Gabe von 0,5 bzw. 1,5 mg
Thiamin die Tiave anflinglich linger lobten, dann jedoch schnciler starben; ein
Tier ttherlebte. Dio Dosis von 1,5 mg Vitamin B, wirkte sich auf die Besinflus-
sung des Tumorvolumens giinstiger aus als die geringere Dosis; sic wurde des-
halb fiir den Haupiversuch gewihlt (Abb. 2). '

Bei den folgenden Résigunbestrablungsversuchen withlten wir die bereits von Barth,
Graebner und Wadhemans [13] gefundens optimale Einzcldosis von 510 R jedon zwoiten
Tag, wie sie an einom istaros Hiudlerstamm orprobt war. Um den Injcktions-
strel} als oventuelle Peklorgualle in der Beurtcitung der Uberlebenszeit ausschalten xu
kdnnen, wurde Kontrollijoren thglich 0,2 ml physiologische Kochsalzlssung paratumoral
vz:lbl‘dd'lt. Dic Bestrahlung bagann bei einer durchschnittlichon TumorgriBSe von 2 mi
Volumen.

Ergebnis

Unter tiiglicher paratumoraler Verabraichung von 1,5 mg Thiamin zeigte sich
anfiinglich geringfilgige Tumorvolumenzunahme, ab 4. Tag nach Bestrahlungs-
boginn jedoch eine kontinuierliche Riickbildung des Sarkoms 180 bis zum letzten
Tag der Bestrahlung. Um die lokale Vitamin-B,-Wirkung bel paratumoraler
Applikation von einer Allgemeinwirkung des Thiamins abgrenzen zu kénnen,
verabreichten wir einer aweiten Tiergruppe Thiamin intramuskuliir, d. h. tumor-
fern. Hier zeigte sich eine wesentlich geringore Beeinflussung des Versuchs-
tumors. (Der starke Valumenriidigang bis zum 14. Tag nach Behandlungsbeginn
boruht nicht auf einem Erfolg der Strahlentherapie, sondern auf dem Uberleben
¢ines Tlores mit sehr kleinem Tumor.) N

Bei der Kontrollgruppe nahm das Tumorvolumen zuniichst his zu einem schr
hohen Durchschnittswert am 8. Tag nach Bestrahlungsbeginn zu, nahm dann
aber bis sum 14. Tag kontinuierlich auf 2,8 ml ab, Nach weiterem Einsetzien
ernenten Sarkomwachstums bis zum 18. Tag hildeto sich der Tumor bis zum
22, Tag dann nur noch zdgernd zuriick (Abb. 3).

Von besonderem Interesse sind hier die Absterbekurven, die — dhnlich wie
im Yorversuch — sowdhl bel paratumoraler als auch bei intramuskulirer Ver-
sbreichung von Vitamin B, wesentlich rascheres Absterben der Tiere gegeniiber
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Vitamin B im Vergleich zu Kontrollen.

den Kontrollen, die nur bestrahlt wurden, erkennen lassen. Dorh zeigt sich auch
in der Kontrollgruppe eine sehr starke Abnahme in der Uberlebensrate; denn
bis aum 22. Tag nath Bestrahlungsbeginn waren bereits siuntliche Tiere gestor-
ben. Dies ist ber fritheren Untersuchungen [12] ein signifikant schlech-
tores Ergebnis, als es bei gleichen Versuchen an Miusen oiries heterczygoten
Stemmes erzielt worden war (Abb. 4).

Diskussion der Versuchsergebnisse

Bei 100 Miusen eines homozygoten Stammes mit Sarkom 180 wurden unter
Réntgenbestrahlung die Tumoren nur unbefriedigend beeinfludt. Die Anzahl
der Versuchstiere wurde absidhtlich sehr hoch gewihlt, um ein genaues Bild itber
die Auswirkung der Bestrahlung im 48.Stunden-Rhythmus izu erhalten. Das
frilhere Absterben der Tiere — keines iiberlebte den 22. Tag nach Bestrahlungs-
beginn — beweist nicht nur das Bestehen einer Relation zwischen TumorgréBe,
verabreichter hoher Raumdosis und Uberlebenszeit, sondern 1Bt auch keinen
Vergleich mit friihéren von uns mitgetoilten Ergebnissen zu (1, 2, 3, 4].
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Bei direkier Einwirkung des Thiamins am Tumorbett war wohl ein gegeniiber
den Kontrollen signifikanter Unterschied in der Tumorvolumenentwicklung
crkennbar, jedoch war der Allgemeinzustand der Tiere infolge h&ufigen Auf-
tretens von Nekrosen visl schlechter, was sich in den Absterbokurven wider-
spiegelt (Abb. 8).

Die Ergebnisse dieser orsten Untersuchungsreihe iiber die Verabreichung von
Vitamin B, bei der Tumorbestrahlung lassen don Schlud zu, da8 Thiamin wohl
auf Grund seiner engen Bezischungen zum Kohlenhydratstoffwechsel eine Ver-
hesserung der Sauerstoffutilisstion einerseits im paratumoralen Gewebe,
andererssits aber such in der Tumorselle selbst bewirkt. Was die Besinflussung
der Uberlsbensrate durch Vitamin B, bei Réntgenstrahlencinwirkung anbetrifft,
so sind auch die Ergehinisse anderer Untersuchungen, wie zum Boispiel die von
Pfab [18] gepréfia- Uberlebenszeit bei dor Ganzkérperbestrahlung von Kaul-
quappen, oinem Vitamin-B,-haltigen Milicu ausgesetzt waren, und die
Befunde von Rékrlich [18], der ebonfalla Vitamin B, bei der Rontgenstrahlen-
wirkung an Keulquappen erprobts, wenig iberzeugend. Unsere Erfahrungen
besagon, deB sich beim rasch entwickelnden Crodker-Sarkom an Miiusen des
Inzuchtstammes NMRI unter dem EinfluB von Thiamin die Uberlobensscit der
Tiera nicht varlingert, sondern im Gegenteil ilberraschonderweise verkiirzt wird.
Wir halten es daher fir notwendig, auch an heterozygoten Miusestimmon unter
gleichen Versuchsbedingungen den Einflub von Vitamin B, euf die Ubcrlebens-
zcit der Tiere und das Tumotvolumen zu untersuchen, wie iiberhaupt weitere
ihnliche Untersuchungen untér Verwendung anderer experimenteller Tumoron
durchsufihrea. ‘

Zusammenfassung

An 235 Miusen des homozygoten Stammes NMRI mit schnell wachsenden Tumoren
{Crocker-Sarkom) vorgenommene Untersuchungen mit zusiitzlicher paratumoralor
Vitamin-B,-Verabrelchung sur fraktionierten Réntgenbestrahlung orbradhton signifikant
bessers Volumenritckbildungen. Die Uborlcbenszelt der Tiers konnte Jjodod unter dem
Einfluf von Vitaemin B, nicht verlingert worden. Es wird dle Fra, aufgeworfen, ob
dorartigen Untersuchungen an Inaudht-Tiorstkmmon nicht der Nachteil anhaftut,
da8 soldie Tiere & priori eine im Vergleich xu hetorogenem Tiermaterial h-umnm
Strahlenresistons. haben, was dis Bewcrtung und Deutung der Ergebnisse orschwert.
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Summary

Investigations concerning paratumoral application of vitamin B, in addition to frac-
tionated X-ray irradistion showed s significantly botier tumor regression. 238 mioe of
strain NMRI with rapidly growing tumors {Crodier sarcoms) were used.
‘The survival time of the salmale could not be by sdding vitamin B;. The
question rises as to whether such investigations dgmc with inbred animal strains do not
have the general disadvantage, that those animals have a priori & decreased radiation
resistance in comparison to hetsragenous animal material. This makes evaluaiion and

interpretation of the results mare diffioult.

Résumd

Des étudos sont fsites sur 235 souris de souche homozygote NMRI portousos de
tumeurs & croissance rapide (sarcome de Crodker) aves administration paratumorale de
vitamine BB; complémentaire & une irradiation fractionnés. Ces expériences montrent
uno regression du volume tumoral netiement supéricurs, toutefois sane augmentation
de survie. Les autours se demandent of, dans de telles expériences, lo fait d'utiliser des
snimaux de southe pure, dont la moindre radiorésistance est biea connue, ne constitue
pss un inconvénient. Cect rondrait plus difficile 'interprétation dos résuliats.
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EFFECT OF HIGH THIAMINE DOSES
ON THE ECG OF THE RABBIT

by
J. R. Boissler, P, Simon, S. Witchitz and P. Viars

The use in anesthesiology of high 1.v. doses of thiamine
was recently recommended by De Castro (3). As a result of the
noticeable harmlessness of the method mentioned by this author,
we approached the problem of the toxlcity of thiamine adminis-
tered 1.v. in the artificially ventilated animal and showed that
the rabbit under these conditions, withstood the i.v. injection
of doses about ten times higher than the non-ventilated rabbilt
(1, 2). Because of the negative inotropic and chronotropic
actions of thiamine (5, 6), it seemed interesting to us to study
the EKG changes induced by the i.v. administration in the rabbit
of massive doses of thls vitamin, elther by acute injectlon or
by perfusion.

In order to make allowance for changes due to the acidity
of the solution, we compared the effects of the perfusion of the
thiamine sclution and of solutions neutralized by monosodium
carbonate or THAM.

In order to put ourselves in the same conditions as
De Castro, we studied the effects of thiamine put 1in solution
in isotonic glucose solution.

METHODS

The male rabbits weighing from 2000 to 3400 g were tracheoto-
-mized and kept under artificial respiration by means of a Palmer
pump. They then recelved: :

--either an i.v. injection of a solution of thiamine hydro-
chloride at 160 g/1. The total volume of solution (corresponding
to doses of thiamine between 400 and 1000 mg per kg of weight)
was injected in 30 seconds into a marginal veln of the ear.

The profile was registered before the injection then every
five minutes.

--0r a continuous perfusion at the rhythm of 2 ml per minute
of one of the following solutions prepared extemporaneously (six
rabbits per batch):

a. Thiamine hydrochloride . . . . . . 10 g
qsp distilled water . . . . . . . 100 ml (pH = 2,85)



The other problems of rhythm (fibrillation or idioventricu-
lar rhythm) have totally regressed in two cases and 30 minutes
after the injection, the ECG had retaken its initial appearance
(Fig. 1). 1in the seven other cases, the final evolutilon was
heart fallure.

The reappearance in six cases of the P waves appeared to us
particularly noticeable; it evolved two tilmes toward a definitive
sinusal rhythm with survival, two times toward a temporary
sinusal rhythm preceding heart failure and two times toward a
complete auricular ventricular dissociation (4/1 and 2/1) also

prefatal.

The rapld complex reappeared within the 15 minutes which
followed the injection either in the form of an idioventricular
rhythm (four cases), or in the form of a QRS complex at first
appearance normal.

On the whole, the ventricular fibrillation has evolved:

--toward immediate death (two cases),
--toward an idioventricular rhythm followed by death (four

times),
—-toward a definitive normalization of the profile (two

times).
2., Perfusion.

The fatal doses for each animal are indicated in Table 1.
The evolution of the cardiac rhythm 1s indicated in Figures 2
and 3.

a. Thilamine solutilon.

An appreciable bradycardlia has appeared for thlamine
doses in the neighborhood of 4 g/kg. In addition we observed:

--a progressive and precocious disappearance of the

P waves (five cases),
--changes of the rapid complex; enlargement (two cases),
micro-voltage (three cases), axial rotation (two cases),
--repolarization problems: flat T (two cases), ST
sub-contouring (four cases).

In one of the rabbits, the only change observed was a
bradycardia increasing until heart failure.



,,,,,,

b. A solution of thiamine + glucose.

If the presence of glucose does not bring changes to
the evolution of the bradycardia, it however seems to be responsible
for several changes:

--the P wave has never been changed in its morphology,

--the QRS voltage constantly increases without other
change of the rapid complex than a widening (one case) and a
right axial rotation (one case),

—--the T wave is still increased in its voltage and tends

to become symetric,
--ST segment remains scarcely changed.

On the other hand, in one of the rabbits monomorphic
extrasystoles appeared.

¢c. Thiamine solution + CO3HNa.
The appearance of the bradycardia was retarded (Fig. 3).
In addition we observed:

--in all cases, problems of repolarization causing a
very considerable hypokalemia and appearing for doses between
four and eight g/kg,

--three times an appearance of the P wave,

--three times an auriculo-ventricular dissociation, the

QRS voltage increasing before the terminal disappearance,
-~-two times a left axial rotation.

d. Thiamine solution + THAM,

The presence of THAM did not change the appearance speed
of the bradycardia. We observed:

--in all cases, the same problems of repolarization as

in the presence of CO3HNa,
--one time the disappearance of the P wave,
——two times an axlial rotation (one right and one left).

DISCUSSION
Thiamine has a very weak cardiac toxicity.
The acute injection administration brings problems only for
doses equal to or superior to 800 mg/kg. Most often it 1s a

question of ventricular fibrillation of which the spontaneous
ad definitive reversibility in two cases is quite noticeable.



Under venous perfusion, the appearance of the bradycardia

is constant and the intensity of this bradycardia 1s grossly
proportional to the dose. Whatever the solution used, no major
problem appeared for doses of thiamine less than 4 g/kg. Changes
of the ventricular complex and of the repolarization are scarcely
evident and consist mainly in ECG signs such as they are encoun-
tered 1n the states of hypokalemia, when the solution 1s neutral-
ized by the THAM or the CO3HNa. The effacement then the frequent
disappearance of the P wave seem to indicate a change of the
sinus all the more accentuated as the dose of thiamine 1s raised.

However, in the presence of glucose, or reasons perhaps
metabolic, the absence of change of the P wave translates a
conservation of the actlivity of the sinus.

On a practical plane the ECG changes 1induced by thiamine
administered in perfusion in the rabbit appear only for very
high doses, much greater than those used in anestheslology.
These facts are in agreement with the absence of significant
changes of the ECG in subjects having received in an "anesthesic"
goal high doses of thiamine in venous perfusion (4),.
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Fig. 1. -- Male rabbilt -- 2100 g. Artificial
respiration, ECG (D3 derivation). I.V. injection in
30 seconds of thiamgne hydrochloride: 900 mg/kg
(solution at 160 g/1).
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Fig. 3 -- The evolution of the cardiac rhythm under
the influence of the perfusions of thiamine solution in
the rabbit: each curve represents the average of the
batch of animals. The average percentages were calculated
only when there were at least three rabblts per batch.



Table 1.

: Lethal Doses of

Perfused Solution Average
C | Thiamine (in g/kg) &
Th'ph\ine ........................ 2,487 6,181 723 9.t 0,203 13,32 S.47

i Thiamine — gluwosw .oovoenneen. S b303 GOb:T ari Fadd §E08 02 7,03
CThtamine 4 CORHNa el £201 11735 140 3 LLLO S 15331 10,20 12.80

; iiianune + 'l'lla.«\.\l .............. 10,40 15,033 12,41 12,30 13,33 210 1419
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Xve CONGRES FRANGALS D'ANESTHESIE-REANIMATION

ACTION DIS FORTES DCSES DE THIAMINE
... SUR L'ECG BU LAPIN (%

‘ PAR {
. & k
J-R. BOISSIER (**), T?, SIMON, 8. WITCHITZ ct P. VIARS
(Paris) _/

1 utilisation en anesthiésiologic de fortes doses de thiamine par voie veineuse
a été préconisée récemment par RE Casiio (3). A la suite de la remarquable
innocuité de la méthode signalée par cet auteur, nous avons abordé le probléme
de 1a toxicité de la thiamine administrée par vuie veineuse cliez 'Auimal artifi-
ciellement veniilé et montré que le Lapin supportait dans ces conditions injection
intraveineuse de duses environ dix fois plus forles que le Lapin noun ventile (1, 2).
En 1aison des actions inotrope et chronotrope nézatives de la thianine (5. vj,
i uous a paru intéressant d'étudier les modificotions électrocardiographiyues
induites par 'administration veineuse chez le Lapin de doses massives de cette
vitamine, seoit on injection aigud, soit en perfusion,

Afin de tanter de faire la part des woditications dues & P'acidité de fa solu-
tivn, nous avo:is compard les clicts de ia rerfusion de la solution de thiamine et de
solutions neutralisées por le carbonate menvsodiyue ou le THAM,

Enfin, pour nous placer dans les mémes corditions que DiCasTro, 1ous

Lo Travail afertud avee Paide dlune subsention de Lo Déliativn Géndrad i b Recherche Sae-
titgu- et Technigue (Comitd « Fenctions er Maladies du Cenveau v,

\**) JAdresse : lustitut de Phasmaeslnge, Faculte de Médecine, 15, rae e Fleolesde-Mddering,
Pans {®),
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avous diudié les efiets de la thiamine mise en solution dans du soluté glncmé :
~ isstonique. - :

."AZ:TRODES -

Les lapius niiles pesant de 2 00v i 3 400 g étaieat trachdotanisés et

wain.

. tenus svus Tespiration astificiclle A 1'aide d'une pompe de Palmer. ils recev'm.nt

.)/-'-‘

aloss :

— soit une injectioa intraveiteuse d’une.solution dJe chluorhydrate de this-
cvine & 260 g 1. Le volpma total de solution (cotrespoudant & des dbses de thia-
raine comprises entre 400 et 1 000 g par kilogramme de poids) était injectd en

30 seccndes dans une veine marginale de Uoreille.

Le tracé ECG était- enrcgistré avant l'injection puis toutes les § minutes,
— soit une periusion continue au rythme de 2 ml par inute Jd'une des

sciutions suivautes préparées extemporancément (v lapins par lot):

a. Chlothydrate de thiamine ............. I g
_Fau distiliée gs.pee.vininininen. 100 ml (pH = 2.83)
b. Chlorhydrate de thinmine .........eo..” 10§
srbonate 100050diGUE v.iiiiieronienn 45 €
Tan Aistillde gs P v viieiannsannaes 100 ml (pH = 7,1)
- @ Cliothydrate &2 thiamine 10g
.. THAM .......... feeaTeces . 45 8
' Eaudcsamévqsp - rooml(pH-s7.4)
La\hrhydcmdcummim 10g
Solusé lsolodquc de giucue q.s.n. coees 100 ml (pH = 3),
' Le tracé ECG &alt enregiseré avan’ le début de la pcrfusion puis toutes les
1S minutrs yuqu‘& {r mort de l'animal. . .
Toutes les doses sonk expriwdes ca c}'lothydmte de t.nnxnme. “ v
RESULTATS o TS T
. lqjechohmpidc. - S -

La DL 7¢ dans ces cond«tmupkmmhh etvohlm de S50 mdlu.
Fimal e svra vent apres 1 ovomg/kg, Ceete dennée est.en aecord avec s
tots que neus ovious trouvés antévieurement. (X, g :

il
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I/injection de doses de thiamine inférienres 0 Soo mg kg n'n pas entraind
de modifications notables de VECG | seule une sous dénivellation diseréte ¢t tran-
sitoire du segment ST est apparue deux fois sur quatre | tous les animanx ont
survect,

Des altérations importantes du trac¢ LECG apparaisseut apres Uinjection (e
Jdoses de thiamine comprises entre Soo et 1 ovo ma/kg (15 lapins). Trois lapins
avant requ Soo mg/kg ont gardé un tracé LCG normal.

Nous uvons observeé :

- trois fois une bradveardie sinusale,

— une fois Papparition d'un ryvthime idioventriculaire (lans ces quatre cas,
fe voltage du complexe rapide avait notablement diminudé, 'onde P ¢tant diminude
ou disparue ; duans deux cas on observait une sous-dcénivellation du segnent 871),

— huit fois une fibrillation ventriculaire.

La surveillance du tracé IXCG a montré 1'évolution suivante :

La bradycardie sinusale a toujours régressé en moins de 30 minutes, avee
normalisation du tracé.

f

.a-‘/"f"' ,-1 %\A.M ————

§ min, . . 10min

FiG. 1. -— lapin mile -- 2 100 g. Respiration artificielle. K. C. Go dvovation Dy).
Injection intraveineuse en 30 serondes de chlorbhvdrate de thiamine : yoo myg/hy (solution 4 166 /1),

Les autres troubles du rythme (fibrillation ou rythme idioventriculaire) ont
dans deux cas totalement régressé et 30 minutes apreés Uinjection, I'ECG avait
fepris son aspect initial (fig. 1). Dans les sept autres cas, l'évolution finale a été
I'derét cardiaque.

La réapparition dans six cas des ondes P nous a paru particulidrement remar-

hle ellea évolué deux fois vers un 1y thme :xnus.s.l déﬁmmf avee survie, deut
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vers une dissociation auriculoventriculaire compléte (41 et 2/1) ézalement pre-
mortefle,

Le complexe rapide réapparaissait dans les 15 minates qui suivaicat Finjec-
tion soit sous forme d'un rvthme idioventriculaire (quatre cas), soit sous forme d'un
complexe QRS d’emblée normal. .

Au total, Ia fibrillation ventriculaire a évolue:

— vers la mort immédiate (deux fois),

— vers un rvthme idioventriculaire suivi de mort (yuatie fos).

~— vers une normalisation définitive du trace (deux fois).

2. Perfusion.

Les doses mortelles pour chague animal sont indiyuées sur le tableau I 1'évo-
Jution du rythme cardiaque est indiquée sur les figures 2 et 3.
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ACTION DE LA THIAMINE SUR LECG DIV | 1IN

100

8

o
o

3

Thiamine

Pourcentaoge du rythme cardiaque initiol
N
]
T

— — — Thiamine +glucose
...... Thiamine + THAM
Thiamine + CO3HNa

;‘ IS WSV SIS WY W SN S R U N TR T U §
2 4 6 8 10 12 T
Thramine 9/kg

Fie. 3. -~ Evolution du rythme cardiaque sous I'influence des perfusions de solution ¢ thumine chez
te Lapin : chaque courhe représente ln moyenne du lot d'aninciuy. Les poUTCERLYLs ayens nont

#¢ enlculés que lomqu'il y avait au moins cncore 5 Lapins par lot.
q Ll y K pms 1

TaBLEAU [

I

ks gk . ‘ Doses iortelles e thiani- i
Sclution perfusée i : ‘en 5 2) i Yo
! i
Dhooume ... . ... ‘ 2435 65T 798 G165 g2, ;3'52' “.47
Dugine - slucose . . {8305 6601 52, T4 105 o62 701
&ﬂ!ﬂc + E INa ...... .~ 5305 11.73; 140 ; 1406 13.85: 16,20 12,80
mine + THAM .............. 10,40 11,03 1241 32,305 13,335 21,0 14,19
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4. Solution de thiamine.

Une bradyeardie notable est apparue pour des doses de thunine v uisines
de 4 gfkg. Nous avons en outre observé

-~ wme disparition progressive et précoce des ondes I (el cas),

—- des moditications du complexe rapide ; ¢largissement {deux cas), miero-
voltage (trois cas), rotation axiale {deux cas),

— des troubles de la repotarisation : 1 plat (denx cas) sous dénivellntion
de ST (quatre cas). :

Chiez un des lapins, fa scule modification ohservée a dte une bradycastic
s'accentuant jusqu'd 'arrét cardiaque.

b. Solution de thiamine - clucose

Si la présence de glucose n'apporte pas de moditication & Pevolution de
bradycardie, clle semble cependant ¢tre responsabie de guelques modifications

— Pamde P n’a jamais été altérée dans sa morphologiv

— le voltage de QRS augmente constamment sans autre moditic ition Ju
complexe rapide qu'un élargissement (un cas) et une rotation asiale droite (un
cas),”
— Yonde T ecst toujours augmentée dans son voltage ct tend i devenn
symétrique,

— le segment ST reste peu modifié.

Par ailleurs, ciez un dles lapins sont apparues des extrasystoles monomorphes,

c. Sol‘ixtion de thiamine -+ CO,HNa."
L.l bradycardie a ¢té retardée dans son .1pp.1ntlon ‘g, 3.

. Noms avous ca outre observé :
— dans tous les cas des troubles de la repolarisation évoquant une hypoka-

fidmic trds importante ot apparaissant pour des doses situces entre 4 et S g'kg,
-~ trois fois une disparition de 'onde P,
—- trois fois une (issociation auriculo-ventriculaire, le voltage de QRS aug-

L mentant avaat la disparition terminale,

.

Bl

e S

P

—- deux fois une rotation axlale gauche

d. Solution de‘thianine - THA\I
La présence de THAM n'a pas p:odzﬁe 1a vitesse d'apparition de la hrady-

canlie. Nous avons observé: - o
— dans tous Tes cas, les memes txoubles de la repolarratmn qu'en présenc«-

de CO;HNa,

~— une fois la dbpmtxon de londe P, .
~~ deux fois une rotation axjaje (jyne droite et une gauche).
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ACTION DE LA THIAMINE SUR LECG DU 1PN 04

DISCUSSION

La thiamine posstde une toxicité cardiague tros faible.

[administration en injection aigué n'entrane de troubles que pour les doses
égales ou supéricures a Suo myg/ky. Il < agit le plus couvent de tibrillation ventri-
culaire dont la réversibilite spontande et définith ¢ dans deux ecas est tout 4 fait
remanguable.

Sous perfusion veineuse, Papparition de b bradyveardie ost constante ot Tin-
tensité de cette hradyeardic st grossicrement proportionnelle & Ty dose Quelle
gqu'ait ét¢ la solution cmplovée, aucun trouble majeur wWest appac pour los
doses de thiamine inférieures 3 4 g/ky. Les molitications du complexce y entricu-
laire et de la repolarisation sont peu narquées et consistent sturtout on siones
TiCG tels qu'on les rencontre dans les états d'lhivpokaliémie, lorsque La <oiution est
neutralisée par le THAM ou le CO,HINa. I eltacement puis [n disparition fréauente
de 'onde I’ semblent témoigner d'une altération du sinus & autant plus accentude
que L dose de thiunine est plus élevée.

Vependant, en présenee de glucose, pour des raizons peut dre mdtaboliques,
Fabsence de moditication de 'onde P traduit une conservation de Vactivite du
sinus,

Sur un plan pratique les moditications UG induites par L thimine wdi-
nistrée en perfusion chez le Lapin n"apparaissent que pour des doses tros élevees,
trés supéricures a celles utilisées en anesthésiologie, Ces domudes sont en aceord
avec 'absence de modifications significatives de I'ECG chez les sujets avant jequ
dans un but « anesthésique » de fortes doses de thiamine en periusion veineusv j .

RESUME
_ Lesauteurs ont unalyvsé les modifications électrocardiographiques i Mit ~ i -
tions expérimentales ditférentes sous Uinfluence de doses massives de thimin coer = Lo »

artificicllement ventilé :
- Finjection veineuse brutale n'entraine de modifications u'aux loses vu -t - s v s

o Mottelles 1 il s'agit le plus souvent d'une fibrillation ventriculuire, parfuis ioversible spositandment,

- I perfusion Tente entratne une bradyeardic proportionnelic 3 la dose. Les modizications

v de Uaspect des traces provoquées par la neutralisation de la solution (THAM u CozkiNay ou

par-ladionction de gluogse sont discutées.

. e a N
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OBSERVATIONS ON THE ROLE OF VITAMIN B, IN
THE ETIOLOGY AND TREATMENT OF
KORSAKOFF PSYCHOSIS*

By Karn M. Bownsan, M.D., Rosert GoobHart, M.D,,
AND ‘
o NorMman Jorrisre, M.D.
! NEW YORK, N. Y.
 'The possibility that some of the mental disorders occurring in the
alcohol addict may be due to vitamin deficiency has gained increasing
attention since the recognition that vitamin undersaturation (1) and
clinical vitamin deficiency (2) is common in alcohol addicts. Vitamin B,
deficiency, as manifested by polyneuritis, was found by Romano (3)
in &8 per cent of his patients having alcoholic psychoses. Jolliffe and
Frank (4) found polyneuritic signs in 61.6 per cent of 1,000 consecutive
male alcoholic admissions to the Psychiatric Division of Bellevue Hos-
pital. Applying the minimum criteria of Goodhart and Jolliffe (5) for
the diagnosis of polyneuritis, about one-third of Romano’s patients, and
- 22.6 per cent of our material had definite polyneuritis.
Vitamin B, deficiency has been considered by both Strauss (6) and

- Weiss (7) as a factor responsible for the psychosis in Korsakoff syn-

drome. Strauss states that “. . . the Korsakoff syndrome and other
similarly misleading names have concealed the true diagnosis of vitamin
B, deficiency in the western world.” Weiss states that “it is possible
that the etiology of this condition, just as in alcoholic polyneuritis,

$Prom the Departments of Psychiatry and Medicine, New York University College
of Medicine, and the Medical Service of the Psychiatric Division, Bellevue Hospital, New
© York. .

' [s69]
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wiritional deficiency, particularly chronic deficiency of vitamin B,
ala; s a role” This hypothesis is supported by the higi: inciderce of
polyneuritis ir paticats with Korsakoff psychosis observed in alcohol
addicuon, wegnancy, hyperthyroidism, and diabetes mellitus. The
characreristic polyneuritis in these conditions is considered to be due
to vitamin B, deficiency, and responds, if not advanced to irreversible
pathologic changes, to adequate thiamin therapy. It is therefore not
illogical to pastulate that both the psychosis and the polyneuritis have
the same etiological basis. The Korsakoff peychosis, however, also
occurs in conditions not associated with vitamin undersaturation or
clinical vitamin deficiency, as head trauma and asphyxia.

The purpose of the present report is to present the evidence avail-
able from our (3, 5, 8, g, 10) studies of patients having polyneuritis,
concerning the possible role of vitamin B, deficiency in the production
of Korsakoff psychosis, and to evaluate the usefulbess of thiamin
(crysualline vitamin: B,) therapy in the treatment of patients having
this mental picture. . s

. © MzrHoDs C

The criteria used for the diagnosis of Korsakoff psychosis required
theprucnoeofauiadoomhﬁngofgmumﬂmyddguhmm
cvents, disorientation, and confabulation. We are cegnizsat of the
fact that many neuro-psychiatrists do not make a diagnosis of Korsa-
koff psychosis unless this triad of mental symptoms persists for 2 month
or longer. We have not made this distinction in. this study. The sub-
jects (31) who at the_ onset ar during the course of the psychosis
showed, in addition to this triad, delirium, encephalopathy, acute
hallucinosis, or a combination of these, are designated as baving Korsa-
koff psychosis with acute onset. Those (20) who presented only the
classical triad, without these added manifestations, are designated as
having Korsakoff psychosis with insidious onset.

The 51 subjects with Korsakofl psychosis included in this study
were observed on the Medical Service of the Psychiatric Division of
Bellevue Hospital during the two years ending March 31, 1938. These
patients were admitted to and studied on the medical service because of
polyneuritis or other somatic disease; and the therapy in cach subject
was determined by a system of rotation used in evaluating thiamin as
a therapeutic agent in polyneuritis (5). Upon admission to the medicul
service, all s1 subjects were maintained with our basal diet (9) for a
period of 1 w0 3o (average 11) days. This diet supplied a vitamin
B,/calory ratio (11) of 1.7, which is of borderline adequacy in vitamin
B, for a subject weighing 60 kg. As Jolliffe and Colbert (9) have
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wency will not show: improvement in objective signs of peripherul neu:
Ris even if msiotsingd with this diet for as long as go days.
§ e periad of basal diet observitions, 15 subjects werc ¢
. Thot l!l‘lllﬂg (36 subjects) were subsequently v . a
vitamin B, rich diet (g) plus 18 grams of vegex (1. duly.
i m q? was estimated to supply 1,066 international uaics of
. vighala B, {showt 33 mg. of thiamin) and a vitamin B,/calory ratio
’ ' ) b approximately 4 times the predicted vitamin B,
st (11) of a subject weighing 60 kg. The 15 subjects who
ved @is und no further treastment are designated as group C. The
v 1 subjecss were subequently treated with 10 to 50 mg. of
i (33) daily by parenteral injection, in addition to the weighed
a*‘l diet apd vegex, These are designated as group D. Of

X octs i group D, 10 received 10 mg. of thiamin daily, and 11
vl 26 mg. or daily. The treatment received by patients in
Rolp C anil group D le identical with the treatment received by the
ing ﬂm in the previous studies of Jolliffe and Colbert (9)
Gaolbart sod Jollife. (5)

g W hove not atteny ppeed to grade improvement in the mental picture,
) ;‘WM t record while under observation the occurrence or failure
of resevery foem the peychosis. The disappearance of confabulation
apd dsoritmiation hap been taken as the criterion of recovery. Memory

Y

IS

dedects of remained in nearly every case, whether the
- ones of the Peychosiq was insidious or with acute manifestations, and
,  irrespiistive of the trentment given.

Rusurts

Retovery from the Korsakoff psychosis occurred in 17 (33.3%) of

: chyp&mht:::udy. Thfe-avmgnpedndofobmvndon prior

' reavery Was 34 daps, varying from 6 to 53 days. The average period

of obeervation of the g whodidmcmm«w;;xdiy-.varﬁqg

m § ® 127 days. ecoveries occurred most commonly in the 3rd

\ wk, a0 illustrated by the following wbulations: 15t week, 2;

3; 3rd week, 4; 4th week, 3; sth week, 3; 6th week, 2; after
2

iﬂ

e
451

¥

relationship of type of treatment to recovery from the Korsa-

0%is is summarised in table 1. The g1 subjects were first
il with the basal diet for 1 to 30 (average 11) days. Recovery
the Kersahoff prychesis occurred in 6 subjects (31.8%) during the

§E§§
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Tamz 1. —Tux ReLanioussir of TYrs or TEgATHENT TO Racoveay
raou T Ko#sakoer Psvcwosis

- _
Subjects in ltudy .......................................... 1)
xntuaed with basal diet (Avenge tidays)................ §1
M ........ T : (11.8%)
lIUd UNIMPPOVEH . . . ... ... Lt ietse cir et
Rmmni:hn m«é’:"m ..... id da .) ...................... ?:
average 18 days). ... ... . ... i ieie e
Wm“"‘"““ ...... Yoo SN 1 (6.6%)
Troe o e 39 daya).
Recovered, . ... ... .. ..oiiieiiinioineniioninninan. s e
Discharged unimproved.............. et ennt ey 1

_ As ¢ additional subjects were discharged, unimproved, 36 remainc
for further observation. Of these, 15 were treated id group C aad -
in group D. The patients in group C were maintained with the reginy
described for 5 to gy (average 18) days. Recovery from the Karmko
psychosis occurred in 1 subject (66%,) during this period. The patients
in group D were maintained with th:rcgnneadmﬂhedinrgnyq
(average 39) days. Recovery from the Korsakoff peychosis accurrs |
in 10 subjects (47.6%) during this period. The average period .
treatment for subjects in group D was 11 days longer than fos ubimn
in group C (29 and 18 days, respectively). The total period of obec:-
vation averaged 28 days for the patients in group C and 38 days for
those in group D, so that the later had an average of 10 days more
during which recovery might occur spontanedusly.

A comparison of the 31 subjects having an acute onset with the
20 subjects having an insidious omset is summarised in table 2. Re-

- Tams 2. —-‘l‘n Rll.mouulr or 'l'vg". Jly “W

reox THE K
b —— -
‘hm -! . "
Acwle Invidions . Tl
t mmintained with basal
....................... o 2o TR
m\ﬂd. D N .0%) ' @ /¢
MF improved. .. 2 7. . 9
Remaining orln‘:':i« observa-
tiom.................. b1 12 3%
Treated in Group C......... 8 1 15
Recovered . . Crreneiaaenns 1 (12.8%) g 1; {6.6%)
Treated ia Group D......... 3 (SG.I%) { (ﬂ.ﬂ‘:) ‘;‘5 %)
Discharged unimproved.... -7 4o g

1



w S OBSERV ATIONS ON THE ROLE OF VITAMIN B 57

L

- mery from the Korsakoff psychosis whnlc under observation occurred
in l’ (#8.4%,) of the 31 patients whose psychosis began acutely, Thes
' weee first raintained with the basal diet for 1 0 27 (aven: e
w During this period recovery occurred in § subjects (16.1°
’ and 3 Mml subjects who had not improved were dis
withowt"fugther treatment, leaving 24 subjects for further
WMSMQMGJ in group C and 16 in group D. The ¥
in giup C were treated for 5'to 17 (average 11) days. Recovery
wes w n 1 (ra.5%). The 16 subjects in group D were treated for
%:” (average a4) days. Recovery was noted to occur in 9 (562%)
wial period of observation averaged 18 days for the patients in
growp € and 33 days for those in group D, so that the latter had an
lm wof 19 days more during which recovery might occur.
. 20 spbjocts having an insidious onser were observed for 6 to
.. w 33) days. Recovery from the Korsakoff psychosis was
0 otewr in 2 (1054) of these subjects. These subjects were first
maintained with the basil diet for 3 to 30 (average 13) days. During
this panled © (5%,) recovered from the psychosis (on the 16th day)
ond y ware dischasged unimproved, leaving 12 subjects for further
* smdy. OF thase, 7 were treated in group C and § in group D. Recovery
wal it soned in any of the 7 auhr:)s in group C, although they were
wasibd for an sn gverage of 38 (10 to g7) days. Recovery was noted in
() of the 3 subjects in group D, who were treated for an average
{8 mn) days. Because of the small number of cases in these
P occuresnce of 1 recovery in group D and of none in
m €'does not lead ftadf to interpretation.

f;t.;-

Discussion

d
-,-;-,g 'l‘lte sbove findings indicate the difficulty of drawing conclusions
'u ® either etiology or effectiveness of treatment from the results of
rhqqinadhmemthwvmed an onset and course as that
Kassabof psychosis. In this disease, when the onset is acute, that
is asmsocisted with delirium, acute hallucinosis or encephalopathic mani-
eosstions, the immediate prognosis is serious, but if such patients sur-
vive inteecuerent infection, circulatory collapse or cncephalopathy, the
prognosis for recovery from the Korsakoff psychosis is excellent, in
that shout o per cent recover within one month. We have, however,
Eouml no criteria by which we can redict thiv early recovery. When
the discase his an insidious onget, t prognowis {ur survival is excel-
lent; buy the poychom is more d;hnomc in course, and recovery within
a month octurs in only about 10 per cent of the subjects. In view of
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this, any reports of recovery from Korsakoff psychosis as due 1w
specific therapy must be examined critically.

In the group as a whole, when maintained with & diet of border-
line adequacy in vitamin B,, recovery was noted in about 13 per cent
of the subjects during an average of 11 days of observation. On this
regimen, not one of these subjects demonstrated any improvement in
the objective signs of polyneuritis. This observation does not suppor.
the hypothesis that Korsakoff psychosis is a manifestation of vitamin
B, deficiency. The higher incidence of recovery in those treated with
thiamin plus a vitamin rich diet (group D) than those treated by
the ‘same vitamin rich diet alone (group C) does lend support to the'
hypothesis that Korsakoff psychosis is a manifestation of vitamin B,
deficiency. It secms to us that the increased incidence of recovery in
“‘group D over group C must be attributed either to the thiamin received
by group D, or to spontaneous recovery not related to treatment. In
an attempt to rule out spontaneous recovery as a factor in the ap-
parently better results in the group treated with thiamin, we are con-
fronted with the fact that when group C and D are divided into sub-
groups according to the type of onset, too few subjects, particularly in-
the group with an insidious onset, remain for statistical analysis, It is
- suggestively significant, however, that in our subjects the incidence of
recovery from the Korsakioff psychosis was 7 times greater in subjects
reated with added thiamin than in those not so treated. It seems 10 us
that this problem should be studied further by the same or sisnilar
methods, in a larger group of patients and aver a lenger period of
time, before any attempt can be made to draw definite conclusions as %o
whether the Karsakoff psychosis is a manifestation of vitamia B, de-
ficiency and whether thiamin has specific value in the therapy of the

psychosis.
Summary anp ConcLusions

We have studied g1 subjects having Korsakoff peychosis who were
maintained first with a diet of borderline adequacy in vieamia B, for
an average of 11 days during which time 11.7 per comt respvered. On
conclusion of this control period, 36 patients were given a weighed
vitamin rich diet which, with the added vegex, was estimated o con-
tain 3,066 international units of vitamin B, (3.3 mg. thismin). This
dict supplied~a vitamin B,/calory ratio of approsienately 4 thenes the
minimal predicted requirement of vitamin B, for a subject weighing
60 kg. Twenty of these subjects reccived in addiven, w w 50 mg. of
thiamin daily by parentera) administrati jects murewing thiawmin
showed an incicence of rechvery approximately 7 times ag great as those



' OBSERVATIONS ON THE ROLE OF VITAMIN B s,

“ by the diet alone. This conclusion, however, cannot be con-
femnd by smtistical asalysis, and we are unable definitely to state
wheber the m incdence of recovery in the group seceiving
m ol g 0 tk therspy or due to spontancous recoverics not

L
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Effect of Dietary Level of Thiamine on Reproduction

in the Rat

MYRTLE L. BROWN ® anp CAROLYN H. SNODGRASS

Human Nutrition Research Division. Agricultural Research Service,
United States Department of Agriculture, Beltsville, Maryland

ABSTRACT
ical response were

Reproductive performance and certain aspects of maternal biochem-
studied in female rats of the Wistar strain maintained with

a basal diet containing either an adequate or a low level of thiamine from weaning

i wﬁﬂltn vitamin Jevels doubled.

ght

y setum
pects

g

nosmpal

Jow level of thiamine prior to pre

Puring pregnancy the rats were fed an adequate basal diet, or the same
Fewer young were produced by animals fed
gnancy. Albumin and v-globulin were the
ims that appeared to be influenced by thiamine intake. In other re-
roductive performance and maternal biochemical response were normal even

when food tntake and thiamine level ware low prior to pregnancy. The voung were of
wd% . - Total serum protein, hemoglobin and hematocrit were similar, Dou-

‘the ixtake of thiamine and other vitamins during pregnancy had no effect on re-
duptive performance. Thiamine content in the young and in livers of mothers was
rlated to tmm

aine fntake during pregnancy and was not influenced by low thiamine

lavel prior to pregmancy.

Although the effect of the total absence
of dietary thiamine upon reproductive per-
formance of the rat has been investigated
(1, 2), the effect of a prolonged partial
deficiency has not been reported. The pres-
ent study is concerned with the effect of a
chronic thiamine deficiency from weaning
until mating, and the reproductive per-
formance and matemal biochemical re-
sponse when thiamine levels during preg-
nancy meet or exceed those generally
considered adequate.

EXPERIMENTAL

Female rats of the Wistar strain were
fed ad libitum from weaning a basal diet
containing inftially either 2.5 or 0.5 mg
thiamine /kg diet. The basal diet consisted
of the following: (in per cent) vitamin-
free cascin, 25; sucrose, 40.75; cornstarch,
18; beef suet, 8; corn oil, 2; salts (3). 4;
cellulose,' 2; L-cystine, 0.13; and choline
chloride, 0.1. Other vitamins were added
in the following amounts per kilogram of
diet: (in milligrams) riboflavin. §; Ca

tothenate, 25; niacin, 10; pyridoxine-

Cl, 2.5; folic acid, 2: biotin, 0.2; vitamin
Bis (0.1% mannitol trituration), 0.2; in-
ositol, 200; p-aminobenzoic acid, 100; and
menadione, 2.5. Fat-soluble vitamins were
administered once weekly in 0.05 ml of

corn oil and supplied 5 mg dl-a-tocophen
acetate, 1250 IU vitamin A acetate and 17
IU vitamin D, per rat per week.

To permit normal estrous cycles, the tk:
amine level of the diet containing oric.
nally 0.5 mg kg was raised progressively t -
0.75 mg/kg after 4 weeks and to 1.0 m:
kg at the beginning of the sixth week c:
experiment.

At approximately 70 days of age, ani
mals were mated with male Wistar rale
that had been reared with commercial 1o}
oratory chow,® and if sperm were ohserved
in the vaginal smear, the rats were con
sidered pregnant. Following mating, some
of the animals of each Initial group were
fed the basal diet containing 2.5 mg thia
mine/kg of diet. Others were fed the basyl
diet in which levels of all vitamins except
choline were doubled. This diet hercaﬁg
will be designated as the 5.0 mg/kg diet,
Animals were weighed and vaginal smeas
examined daily to detect any deviatien
from the normal course of pregnancy.

On the 22nd day of gestation, the an
mals were anesthetized with sodium amy

Received for pubMcation August 17, 1964.

1 Present address: Department of Home Ecomomi:
University of Hawaii, Honolulu, Hawalil, .

3 Cellu "Flour, Chicago Dietetic Suppily House, C:
cago.

Purina Laboratory Chow, Ralston Purina Coo
pany, St. Lowus.
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THIAMINE AND REPRODUCTION

¢ Blood was removed by tail bleedin
for determination of hematocrit* an
" n * and from the heart for deter-
ssittion of total serum protein (4) and
ym protein fractions by paper electro-
' ‘ﬁmﬁ.‘ Maternal livers and entire lit-
&M were removed and frozen immediately

103

trast, v-globulin was high when thiamine
intake was low. The v-globulin level of
7.1% observed in the sera of animals fed
0.5 mg/kg prior to pregnancy and 2.5 mg/
kg during pregnancy was significantly
higher than that of either group of animals
fed 2.5 mg/kg prior to pregnancy (P <

were' ted later for thiamine using 0.01). An increase in thiamine intake

‘e thiochrome method (5). from 0.5 mg/kg prior to pregnancy to 5.0
mg/kg during pregnancy resulted in a

RESULTS restriction in y-globulin to a level similar

Maternal weight guin and reproductive
pecformance. Animals fed 2.5 mg thia-
wine 'kg prior to pregnancy were approxi-
matcly 65 g heavier at the time of mating
Huan those fed 0.5 to 1.0 mg/kg. Tetal
wairht gain during pregnancy was similar
i all groups (table 1). Rate of gain. how-
wer, differed significantly with level of
#uemine fed prior to pregnancy. Animals
fed at the lower level gained more during
the first week of pregnancy (P < 0.01);
animals. fed at the higher level gained
more during the last week (P < 0.05).

Animals reared with the basal ration
&‘mdumd larger litters than those fed at

e lower level of thiamine prior to mating
dable 1). Doubling the level of vitamins
{ed during pregnancy had no effect on lit-
fer size. Weight of young and number of
resorptions were not significantly different
among the diet groups.

Serum protein, hematocrit and hemo-
Yohin. Total serum protein was similar
w all groups (table 2). There was a con-
sislent tendency for the percentage of
albumin in the serum proteins to parallel
the level of thiamine intake whether com-
farisons were based on prepregnancy or
precnancy levels, although the differences
were not statistically significant. In con-

to the higher prepregnancy levels of thia-
mine and differed significantly from the
pregnancy level of 2.5 mg/kg (P < 0.05).

No differences in ‘hemoglobin or hema-
tocrit due to diet prior to or during preg-
nancy were observed. :

Thiamine content of maternal livers and
fetuses. The thiamine content of mater-
nal livers and of the fetuses is shown in
table 3. Significantly higher levels of thia-
mine (P < 0.01) were noted in livers and
young of mothers fed 5.0 mg/kg during
pregnancy than in those fed the diet con-
taining 2.5 mg/kg. No differences due to
diet prior to pregnancy were observed.

DISCUSSION

Thiamine deficicncy is known to reduce
fertility in the rat (1, 2). In the present
study, the average number of resorptions
was similar for all groups and was of the
same order observed in animals fed stock
diet and maintained under the same ex-
perimental conditions.” The small size of

4 73-mm capillary tubes centrifuged for 3 minutes
at 19,300 rpm.

8 Hycel, Inc., Houston, Texas 1958 Cyanmethemo-
globin Determination.

8 Beckman Instrument Company, Spinco Division,
Model R Paper Electrophoresis Instruction Manual
RIM-5, Palo Alto, California.

T Unpublished data.

TABLE 1

“murnce of level of dietary thiamine prior to and during pregnancy on weight gain and reproductive
performance of the rat

";;‘:i;rr thiamnine

. Avg
- No. of Avg maternal wt gain no. of Avg Avg no.
Pee - '
Prqrincy Pregmancy HUET gy 1TNWCkZ Weekd  Total young/ feralwe  THOS
? ke me/hp 4

A 2.5 10 a2 31 69 130 10.1 4.8 1.3
25 s.0 8 29 30 74 132 10.1 4.9 0.9
?-zz,o 2.5 [ 40 28 57 125 6.8 4.9 1.3
&0  s90 13 41 a 53 127 7.2 5.3 2.5
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TABLE 2
Serum proteins, hematocrit, and hemoglobin of pregnant rats fed at different levels of thiamine prior to and during pregnancy

Serum proteins

No. of

Dietary thiamine

Albumin

as-

pregnancy Fregmancy

Total

MYRTLE L. BROWN AND CAROLYN H. SNODGRASS

#/100 ml

9/100 mi

mp/ ke

mg/hg
2.5

25

395

43.5

122
126

as5.5

154 5.1

11.2

29.1

5.7

2.5

358

14.0 46

11.3

26.6

54

5.0

118
12.2

36.0

36.0 273 12.0 178 71

6.0

2.5

03

10.8 159 5.6 36.3

27.7

40.0

5.7

11 -

5.0

0.5

litters in animals with a limited intake ¢
thiamine prior to pregnancy therefore »

pears to reflect lowered fertility rather thg,,
a high resorption rate. The failure to aflt:::’(
litter size by increasing level of thiamige
during pregnancy was further indicatig,
that litter size was the result of nutritional
status at the time of conception rather they
of diet eaten during pregnancy. The rapd
gain in weight during the first week of
pregnancy following a low level of thi

mine was the result of the increase in fopf
intake which occurred immediately whey,
the level of dietary thiamine was iy

creased. The weight of the young was
similar with all of the diets investigatcd

but differences in litter size were sufficiest
to account for differences in weight gam
during the final week of pregnancy.

Chow * has recently reported permaneik
stunting of the progeny when dictary re
striction was imposed on the pregnant rat
although such restriction failed to affcet
the reproductive system of the mother du:
ing subsequent pregnancies.® Accordingts
Hafez (6), fetal weight depends upon the
plane of nutrition in the last part of preq
nancy rather than diet in early pre
nancy. The ability of the rat to produl
young of normal size in spite of a low ix
take of a thiamine-deficient diet prior to
pregnancy is further evidence that diel
during pregnancy is more important
the development of young of normal size
than diet prior to pregnancy.

Although protein depletion may result
in a depression in the concentration of al.
bumin in the sera of rats (7, 8), the cen-
sistent tendency for secrum albumin to par
allel dictary thiamine suggests that thia-
mine intake contributed to the results ob
tained in the present study.

Differences in v-globulin level in the scrd
of rats fed deficient diets prior to prey
nancy also appear to be the result of vita
min intake during pregnancy. Significast
diffcrences in serum v-globulin have bee
reported by other investigators when vik
min-deficient diets were fed. LaCommast
(9) observed a large increase in scrum

$Chow, B. F., and C. J. Lee 1964 The offr
dictary restriction during pregiancy and lactane
food utilization. Fedrratinn Proc., 2%: 291 .4t

SChow, B. F. 11591 Further ohaervitinin

materna) dietary restniction  uand  subsequent
nancy. Federation Proc., 235 291 Cabttact,,
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TABLE 3
Thiamine content of maternal liver and of fetuses

- Dietary thiamine Maternal livers i Fetuses
" Pr%  Pregmamcy No. Avgwt Thiamine Hevers e Thizmin
CreRnAney analyzed anuly?ed wt amine
- o/hg  wme/hg [} ugle. F'j k9/9
a5 2.5 10 12.5 4.61x1.01! 10 47.5 1.70+=0.24
2.5 5.0 7 12.6 8.42=%=121 8 494 2.19+0.13
0.5 2.5 5 11.5 461067 5 31.5 1.75+0.18
0.5 5.0 11 10.4 846 +1.03 13 37.0 2.14+0.12
1 gg of mean.

«-globulin of pigeons subjected to experi-
mental beriberi. Increased y-globulin in
the sera of riboflavin-deficient rats was re-
ported by Jacquot-Armand (10).

The thiamine content of maternal livers
and fetuses reflects the diet fed during
pregnancy rather than that fed prior to
pregnancy. Liver storage and possibly
fetal transfer of the vitamin were maxi-
mum with the diet containing 5 mg thia-
mine/kg. Morrison and Sarett (11) re-
ported liver thiamine levels of 8.7 ug/g
and 8.4 ug/g in female rats postpartura
when the animals were fed a dict con-
taining 75 mg thiamine/kg during preg-
nancy. These levels of liver thiamine are
vomparable with that of 8.4 ug/g observed
in animals receiving 5 mg/kg in the pres-
ent study. Everson et al. (12) reported the
thiamine content of the fetus at term to
be 24 ug/g when mothers were main-
“tained with a diet containing 140 to 145
ag thiamine/day. In the present study, the
values for fetuses averaged 2.2 ug/g. Aver-
age thiamine intakes of animals fed 5
mg/kg ranged from 76 to 93 ug/day from
the first to the third week of gestation.
The somewhat higher fetal thiamine level
of 3.0 ug/g reported by Barrett and Ever-
son (13) was not the result of a higher
maternal thiamine intake.

In the present study apparently both
levels of thiamine fed during pregnancy
provide intakes which support normal re-
rroduction in the rat receiving an ade-
quate ration &yrim to mmmcz. The basal
dict provided a maxtmum of 50 ug/day
during the final week. It thus appears that,
for the last 3 days of gestation, the re-
Quirements for normal reproduction in the

rat may be less than 80 ug/day as recom-
mended by the NRC (14). The data fur-
ther suggest that the dietary level of thia-
mine promoting maximal maternal liver
and fetal thiamine reserves in the rat is
probably no greater than 80 ug/day.
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In recent years a number of papers huve appeared concerning the effects
of vitamin imbalance in experimental animols and man,  Scandinavien workers
(1-3) found that human subjects sutfering from multiple - dietary deficiencies
developed svmptoms of niacin deliciency when dosed with thiamine alone,
Sydenstricker (4) demonsirated that when niacin alone was given to pellaprins
certain sigus of their diccase, presumably doe to a defeieney of other factors,
were intensified.  Morgau (3) observed that administration of niacin or panto-
thenie acid slonc to dogs reeciving “ample amounts of all necessury vitaming
exoept those of the filtvate factors” resulted in o gradual loss of neuromuseular
control and sometimes sudden death. Al these experiments have one point
in common: namely, that the administration of a vitamin resulted in the inten-
sification of svmptoms or the precipitation of pathelogics that did not oceur in
animals not so treated. Other investizgators, however, were unable to demon-
strate adverse renctions following unbalaneed dosing even with massive doses
of the Bovitamins (6, 7). Tn view of Richards’ suggestion that adverse efiects
of vitamin imbalance might only be demonstiated under conditions of stress
as distinet from growth or muintenance (8), the present study was undertaken
to determine the effects of unbuianced dosing both in animals fed (1) ad Libitum
and (2) under the stress of reduced calorie intake,

PROCEDURE AND RESULYS. Nincty-six female valx of the University of South-
ern Californin strain wore ruised io maturity on a stock ration and selected for
the experiment at approximarely 90 days of age and un average body weight of
170 grams (ronge 149 to 195 grams). Two basal rations were employed: diets
A and B. Diet A was s puiificd ration containing the B-complex factors in
synthetic form; diet B was similar in compwsition but coutuined yeast in place
of the syuthetic B-factors. The synthetic vitamins were incorporaterd in diet
A in amounts corresnonding to their content in veast so that the thixmine,
riboflavin, pyridoxine, nisein and pantothenic acid content of the two diets was
virtually identical.  Both diets «i and B were supplemented swith smassive dos-,
of thiamine hyvdrochloride, ribofisvin und nicotinic acid, the thace vitupdn.
employed in the flour enrichment program; and the effects of feoding cacl. o
these dicts with and without supplements were determined uble 1), D
“were prepaced weekly and kept under refrigeration.  Animals were fed the abore

-

! The researreh vohich this paper reports was under trken in co-operation with the {ia-
mittee on Poud Resenrch of the Quarteriuaster Pood and Container Institate for the Asnied
FYorcow.  The views or conclusions coutained in this report are those of the authors, Chey
are not to be consirued s pecessarily reflecting the views or indorsement of the War De-.
partment.
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rations (1) ad libitum and (2) in amounts of 6 grams per day representing a caloric
restriction of approximately 50 per cent.  Dicts were administered daily except
Sunday with portions doubled for the Saturday feeding.  Animals were weighed
weekly, and feeding was continued for 20 weeks (12 animals per group).

Table 1
Composition of experimental dicls*
COMPOXENT DIETS A1 AND Ay piETs B AND By
. % %
BT D VP 0.0 12.0
Vitamin test caseind. .........cooooonnt 30.0 30.0
Salt mixturefd... . ...l 4.5 4.5
BUCTOBE. oot iet it inannaanan 55.5 43.5
Cottongeed oil........................ 10.0 10.0
) . Vitamin supplements added to diets

' mem. S mem. %
Thisshine hydrochloride. . ............ 7.2 0.0
Riboflavin. ......... .. iiiiiiiiin 0.9 0.0
Pyridoxine hydvochloride ... ..., « 1.5 0.0
Calcium pantothenate . ... .. ..., 6.72 0.0
Nicotinic acid............... T N 6.0 0.0
2.ethyl-napthaquinens oo 0.5 ° 0.5
Choline elilotide. ... o0 Coanns 120.0 [ ., 120.0

Additional supplements of thiamine hydrochloride, riboflavin and nicolinic acid were
aided 1o diets Az and B in the following amounts per kgm. of diet: thiamine hydrochloride
3.6 grama, riboflavin 0.45 gram and nicotinie acid 3.0 grares. :

* ANl rats were fed once weekly 3 mgm. of alpha-tocopherol and a vivamin A-I coneen-
trate (Nopco Fish Oil Coneentrate assaying 800,000 U.S.P. v of vitamin A and 80,000 U.S.P.
v of vitamin D per gram) containing 100 U7 8.P. v of vitamin A and 10 G.8.P. v of vitamin
1.

** Brewoers’ type veast ¥200, Anheuser-Buseh, Ine., 8t Louis, Mo, Fach gram, aceord-
ing to the manuiacturer, comained the following vitamin poteusies: thismine, 600 ug;
ribollavin 75 ug, pyiidoesine 100-125 g, pantothenie acid 426 560 ug anduicotinic acid
350-50 ug. .

_§ VitamIn Test Cascin, Ciencral Biochemicals, Ine., Chagiin Falls, Ohio, o

1! Salt Minture vo. 4, ).

°

Results are summarized in table 2. Data were computed on the hasis of the
top 10 anjmals in cach group with the smallest two in each scries eliminated in
order to minimize yvariations ino group averages “dne to infection or atypicul
vesponses on the purt of individual rat=. = At least 10 animals in each group
survived the experimental period of 26 weeks.  When feeding was restricted to
i grams per day, no significant diiterence in body weight or gross appearance
was observed either on the synthetic or yeast-containing rations between animals
fod control dicts and those on rations containing massive doses of thiamine
hivJdrochloride, riboﬂn'\'in anl ném!inic acid. For the first 6 wecks of Teeding
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animals lost weight rapidly on all diets; during the next 6 weeks they continued

" to lose weight but at a sialler rate. During the last § weeks, however, animals

regained in virtually all cases part of the weight theyx had initially lost. After
20 woeks of feeding no significant differcnee in body weight was obgerved on any
of the four diets employed. On ad Lititum feeding body weight was greater on
control diets than on similar rations containing the thiamine, riboflavin and
nicotinic acid supplements. Statistically these differences were not marked
but a similar trend was observed on both synthetic ond yeast-containing rations.
Similarly gain in body weight was greater on diets B, and B, than on comparable
synthetic rations.

TABLE 2
Effects of massive doses of thicmine hydrochloride, riboflavin and nicotinic acid on the
dody weight of rats fed ad lik:itum and under conditions of reduced caloric intake

AVERAGE CEANGE IN BODY WT. IN GRAMS AFTLR

DIETARY OROUP | NO.OF ANIMALS 'N““;'l',f::"wr' -
6 weeks 12 weeks 20 weeks
. 6 gram per day scrics
o 10 1726 | -sc | -ss0 | -30.3x11
As : 10 168.0 -33.0 i —~44.6 —40.7+3.0
B 10 170.5 -39.2 —-50.2 ~43.24:3.4
B, 10 168.0 ~15.5 -59.0 ~51.0%3.7

Ad Ubilum scries

A ‘ 10 168.4 +26.9 4051 | +42.1%7.2
Ay 10 169.6 +16.2 421,90 | 4234441
B . 10 170.5 +IT0 | 400 | +60.645.4
B, 10 171.1 +19.8 | 4280 | +41.9£5.2

¥ Standard error of the meang z..
vn

Eficeis of massive doses of thiamine hydroclloride. riboflnvin and nicotinic acid
on the B. M. R. of rats fed ad libitum and under conditions of rcduced caloric tntake.
Inasmuch as thiamine, riboflavin and nicotinic acid s1e constituents of enzyine
systems concerned in cellulir oxidation and rednction, the question arg-e a (o
what effect massive doses of theee vitamins reight hive on the baea! tietalnfic
rate of animals fed ad Ubiinm o under eenditions of reduced ealoric intale.
Accordingly, the basal metsh Jisni was determined after 12 weeks of feerding
in rts deseribed in the previous seetion.  The spparctug used wos o elo; o)
circuit type with a capacity of 2 diter< (10;.  Carbon dhoxide wae abrortwad o ith
sodium hydroxide. and vxvgen corcumption wie deternnined from pressure
changes recorded by means of o water manometer.  The respiration chambe~
were kept at 28°C; readings ob:tained were cortected to standard temperature
and pressure. Food was removed from the enimal’ cages the evening prior
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to the metabolisin test. At least six successive 5-minute intervals were recorded
for each animal, with care being taken to vecord oxygen consumption when
onimal activity was at a minimum.® '

Findings ave summarized in table 3. When fecding was restricted to 6 grams
per day, no significant ditference in basal melabolic vate was observed either on
the synthetic or yeast-containing 1alions between animals fed control diets
and those on rations containing massive doses of thiamine hydrochloride, ribo-
flavin and nicotinic acid. In all groups fed a reduced caloric intake oxygen
consumption per 100 grams body weight was significantly less than for animals
fed similar rations ad libitum. On od libitum feeding, however, basal metabolic
rates were greater on the control diets than for rations containing the thiamine,
riboflavin and nicotinic acid supplements.  Statistically these differences were
not marked but they oceurred on both the synthetic and veast-containing rations.

TABLE 3

- Effects of massive doses of thiamine hydrockdoride, riboflavin and nicotinic acid on the
B.M.R. of rats fed ad libitum and under conditions of reduced caloric intake

02 CONSUMPTION ' |

;! i 03 CONSUMPTION
DIETARY GROUP | NO. OF ANIMALS ce/he 100 grams ' DIETARY GROUP | NO. OF ANIMALS cc/hr/100 grams
RODY WT. BODY WT.

6.grams per duy series Ad LWbitum geries

A 8 91.5:49° A4 131,416
As 8 R5.24 1 N T 116.0+6
B, 3 8+l | By ; 4 138.0419
By 8 O4.4411 ! By : 4 112.24-10

* Average deviation.

Effects of massive doses of thiamine hydrochloride, riboflavin and nicotinic acid.
on the blood coun:s of rats fed ad lib. and under conditions of reduced caloric intuke.
The suggestion has been made that unbalunced vitamin therapy if sufliciently
prolonged may increase requirements for other nutrients to the extent that
deficiencies occur. Since leucopenia, granulocytopenia and other abnormalities
in the formed clements of the blood may oceur in deficiency states, the question
arose as to what effect massive doses of thiamine, riboflavin and nicotinic acid
might have on the bloed count of rats fed ad libitzm or under conditions of
roduced caluic intake.  Accordingly animals fed the diets previously described
were sclected aiter 12 weeks of feeding, and total and differential white cell
eounts, hemoglobin determinations and total red ccll esunts were made on the
tail blood of all rats. Ditferential counts were made on sinears stained with
Wright’s stain, 100 cells on each of two slides being employed for each analysis.
All blood counts were made in duplicate.

* We are indebted to Dr. R. J. Winzler of the Department of Biochemistry and Nutrition
of the University of SBouthern California for his assistance with the B.M.R. determinations.
Reading: wege made by G.D.\.
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No significant diflerence in total erythrocytes or hemoglobin levels was ob-
served either on synthetic or ye:st-containing rations between animals fed conteol -
diets and those on rations containing massive doses of thiamine hydrochloride,
riboflavin and nicotinic acid. Erythrocytes averaged 7.4 to 8.1 million per ce.
of blood for the various groups (range 6.7-9.6 million per ce.), with hemoglobin
averaging 15.3 to 159 mgm./100 ce. (vange 14.0-17.8 mgmn. 100 cc.). Data
on leucocyte counts are summarized in talde 4. In agreement with earlier
findings (11) a significant reduciion in total leucocvies was observed in animals
fed reduced caloric intakes. This occurred on hoth synthetic and yeast-con-
taining rations. The two diets differed, however, in respeet to pereentage and
total granulocytes per cubie centimeter of blood.  When feeding was restricted

TABLLE 4

Effects of massive doges of thiamine hydrochloride, ribofla~ir. ond nicotinic acid on the
leucocyte coun! of rals f('d ad Libium arul under comhlwn.e of urinnd caloric intake

DIKFARY | NO.OF i TOTAL LEUCOCYTE COUNT GRANULOCYTES
GROV'P ANI;IALS I SRS
Average* Rangc Per cent® ‘ Total*
6 gram per day series
A, 10 | w050 | 620000700 | 1384004 1169+ 30
As 10 | 8,200%420 | 7,000-0.%00 | 14.5x1.0 1202+ 85
B 10 | 7,480£%0 ' 6,300-10.500 250410 19274 74
B, 10 | 7490£620 | 5000411000 ¢, 30.420.7 2277+ 52
}
Ad lib series o
A 10| 13,5058 { 11,400-17,200 | 15.241.4 20524189
Ay 10| 13,100+660 ,  9.000-18,80 | 22324 2921314
B, 10 1 13,47024H0 | 11,200-15.600 | 15.1£0.8 | 2034108
- By 10 | M,570£810 | 10,800-17.400 | 22.740.6 | 3307 %7
v - T < -

d’
* Including standard error of the mean, s

.

to 6 grams per day, the percentage of granuloeytes on diet B, was increased
80 that totsl granuloeytes per ce. of blood were equal 1o values obsérved on this
same ration when fed ad libitum.  No such increase in pereentage of granulocytes
ocourred, however, on diet Ay when fed under similar conditions of caloric re-
striction with the result that tolal granuloeytes per ce. of blood were reduced in
this series by npproximately 50 per ecent.  No significant difference was observed
at this level of feeding cither on synthetic or veast-containing rations between
the granuloeyie and total leucoeyte count of rats fod control diets and animals
«fed gimilar rations coutaining massive doses of thiamine hydrochloride, riboflavin
aud nicotiniv neid.  On ad libitwm feeding, however, percentage and total granu-
locytes were greater on diets contrining the thiamine, riboflavin and nicotinie
ucid supplements than they were on control rations.  Statisticslly these dif- .

2
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fercnces were not marked but they occurred on both the synthetic und veast-
containing rations, and at lenst for the latter appear to be significant. Total
lencucytes per cubic centimeter of blood were similar for all diets employed.

Discussion. Available data indicate the autritional requirements of an
animal may be affected by such factors as physical exertion, fever, drugs, toxins,
abnormal environmental conditions, pregnancy, lactation, hyperthyroidism
and related “stress factors” (12); and that ealovie restriction may alko serve as
such & factor (11). In view of Richards’ suggestion that adverse effeets of
vitamin imbalance may only develop under conditions of stress as distinet from
growth or maintenance (8), it was felt that animals fed redueed ealorie intakes
might demonsirate adverse etfects of unbalmeed dosing more readily than
animals fed similar rations ad libitum.  Reduced calorie intake was employed
as the stress factor in the present experiment sinee low ¢alorie diets are widely
consumed today Ly persons unable to obtain suflicient food to meet body re-
quircments as well as by persons on therapeutic regimes; and it was believed
desirable to dete'mine the cffects of vitamin imbalunce under these conditions.

When feeding was restricted to 6 grams per day, no adverse cflects were ob-
served on either of the basal rations employed attributable to the ad-inistration
of massive doses of thinmine hydrochloride, riboflavin and nicotinic neid.  Gross
appearance, loss in bedy weight, basai metabolic rate, R. B. C,, Hb., total W,
B. C. and differentinl counts did not differ signifieantly between animals fed
control diets and those fed similar rations eontaining the vitamin supplements.
Under conditions of ad libitum feeding no signiticant difference in gross ap-
pearance, It. B. (., 1Ib., und total W B. C. count was observed between animals
fed the conirol and vitamin-sapplemented diets.  ‘The latter group, however,
gnined less weight, Jud a lower basal metabolism and 2 higher granuloeyte
count per eubic centimeter of blood than animatsded the control rations. These
dilferences although consixtent for both the synthetic and yeast-containing diets
were not fulliciently marked in most eases to be statistieally significant.  ind-
ings indicate, at least for animals fed reduced calosie intukes, that under condi-
tions of the present experiment vitamin imbalanee, as esused by massive doses
of thiamine, riboflavin and nicotinic acid, did not result in wdverse effects in the
female rat.

BUMMARY

Female rats were meaintained for 20 weeks on parified ration: and <inilin
dicts cvutaining messive supplements of thiamise hvdrochtoride, riboflain
and picotinie acid.  Two basal retions were employed: one containing the B
vitamins in svathetic form and the other providing thamn as preseni in veast,
Animals were fed ad libitum and at a ealoric restriction of 30 per cont.

Under conditions of ad libitum feeding no signiticant differcuce in gross ap-
pearance, R. B. C,, b, and total W. B. C. count wax observed hetween animals
fed cantrol diets cind those fed similar rations containing the thiamine, riboflavin
and nicotinie acid supplements,  ‘The latter group, however, gained less weight,
had a lower basal metabolisin and o higher granuloevte eount per eubic centi-
meter of blood than animals fod control rations,
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At a caloric restriction of 50 per cent no significant difference in gross up-
pearance, body weight, basal metabolic rate, R. I3. C., 1Ib., total W. B. C. and
differential counts were observed between animals fed control diets and those
fed similur rations contain’ng the. vitamin supplements.
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S YNTHESIS OF VITAMINS BY INTESTINAL BACTERIA
BY Paut R. BURKHOLDER AND ILpA McVriGn
Ossomx BoTaANICAL LABORATORY, YALE UNIVERSITY
Cominunicated May 23, 1042

Recent studies on growth factors in microdrganisms have contributerd
much to our general knowledge of nutrition and have provided a basis for
devising quentitative microbiological assays for vitamins occurring in both
plast aid emimel meterials. Deficiencies of special growth factors for
yessts, maolds and bacteria have received much attention recently, but the
systhesis of vitauins by these non-green plants, of equally great signifi-
canoe, lins not been extensively investigated.

The axtent to which bacteria living normally in the alimentary tract of an
anissl sy synthesise growth factors and contribute directly to the vita-
mils sequissnents of the animal constitutes a problem of some importance.
The preseit puper ropresents an attempt to determine the approximate
amounts of certain B vitamins produced by species of intestinal bacteria
grows as pure cultures in 8 chemically defined medium.

Systimsle of vitaniins has already been reported for a considerable num-

- ber of hacteria. Snell and Strong! demonstrated synthesis of riboflavin
by lactic eeid becteria. Silverman and Werkman® showed that certain
proplonic acid bacteria make thiamine or its intermediates. Some strains
of dysentery becilli® are able to form thiamine, and also Coenzyme I or 11,
nmh and perhaps biotin. It has been reported that a strain of diph-

¢ can make thiamine, Coenzyme 1 or II and riboflavin.

The wm obtained by several investigators indicates that bacteria
mumlly ia the rumina of herbivores, such as sheep and cattle, pro-
dus ¢ quantities of vitamins. Thus it has been found that the

. commen m - sulgatus living in the intestines of herbivores is capable of

‘thiamine. Recently it has been shesfn® that considerable

MH of ribuflavin, pyridoxine and the antihemorrhagic vitamin are
forsnwd in the ramming of sheep and cows fed on dicts low in these vitamins,
lﬂ ihm of the vitamins is assumed to be commensal microbrganisms.
sted that common bacteria, such as Bacillus sub-

- ther , coli, can synthesize vitamin K. The phenomenon of

wikicli gives protection aguinst certain vitamin deficicncies in labo-
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ratory animals indicates that the normal intestinal flora of mammals may
synthesize appreciable amounts of vitamins.

The intestinal bacteria employed in the present study were kindly sup-
plied by Dr. George Valley, Department of Bacteriology, Yale University.
The organisms, Escherichia coli, Proteus vulgaris, Bacterium aerogenes, Al-
caligenes feculis, Bacillus mesentericus and B. vulgatus, were ' grown as
stock cultures on Difco nutrient agar. A special liquid medium prepared
for the studies of growth factor production was made up as follows:

. K;HPO,, 1.0 gm.; MgSO7H;0, 0.1 gm.; NaCl, 5.0 gm.; CaCl,, 0.005 gm. ;
glucose, 10.0 gm.; recrystallized asparagine, 2.6 gm.; 1-tryptophane, 0.1
gm.; l-cystine, 0.05 gm.; redistilled water, 1 liter. Small measured
amounts of the following trace elements were added: Fe, Mn, B, Zn, Cu

TABLE }

ViTAMIN CONTENT OF BACTERIAL CULTURES GROWN FOR 48 HOURS AT 36°C. anp INocu-
LATED MEDIUM KEPT AT —2°C.

BIOTIN RIBOFLAVIN THIAMINE MICOTINIC ACID
MILLI- MILLI- .
GAMMA GAMMA  OAMMA OAMMA GAMMA GAMMA OGAMMA = OAMMA
SPECIRS OF PER ML, PRRML. PERML. PER ML, PERML. PER ML. PER ML. PFRR ML,
BACTERIA or or or or or or or or
MEDIUM CULTURE MEDIUM CULTURE MEDIUM CULTURS MEDIUM CULTURE
Escherichia
coli [} 1.050 0 0.048 0.023 0.075 0.004 0.028
Proteus vul- ’
garis [} 2.385 0.001 0.044 ~ 0.028 0.104 ..... Required
Bacterixm .
aerogenes 0.015 2.370 0.004 0.140 0.005 0.148 0.008 0.300
Alkaligenes 4 -
Jecalis 0.023 0.446 [)] 0.067 0.033 0.1468 (4] 0.0068
Bacillus : St . .
mesentericus  ..... Required © 0.023 0.015 0.108 [} 0.3%
Bacillus g . '
vulgatus 0.028 1.365 [+] 0.186 0.031 0.150 .0 1.181

and Mo. The medium was adjusted to pH 6.8 and sterilized by autoclaving
at 15 Ib. for 15 minutes. The inoculum was prepared by transferring a
small amount of the organisms growing on agar to 5 ml. of physiological
salt solution in test tubes. With a sterile pipette 0.1 ml. of the saline sus- ‘
pension was inoculated into 20 ml. of sterile culture liquid contained in
small Erlenmeyer flasks. One set of inoculated flasks was kept as a control
with growth inhibited in a room at —2°C., while the other was maintained
in an incubator at +36°C. The period of growth was 48 hours unless
stated otherwise.

Proteus vulgaris appears unable to synthesize nicotinic acid and B.
mesenlericus is deficient in biotin. -It was found necessary, therefore, to add
the deficient vitamin to the basal medium for these species in order to ob-
tain growth so that tests could be made for the other vitamins which might
be synthesized.
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‘The methods used in assaving for riboflavin, biotin and nicotinic acid
involved the use of Laclobacilivs cuses ¢, Succharomyces cerevisiue F. B. and
Lactobacillus arabinosus as indicators in microbiological tests deseribed by
Williams and others.® Thiamine activity was tested by the Pliv omvees as-
say method.? Growth of the bacteria to b tested was measure - with a tur-
bidimeter, and the fresh weight of the cells in each culture w .5 .l oulaved
by refererice to standard fresh weigh! turbidity graphs prepared fur ali the
species studied. At the end of the growth period, all cu:!(ures were acidified
with sufficient concentrated HySO, to make the liquid approzuaately 1.8,
The acidified cultures were sutoclaved at 15 1b. pressure for 30 minutes to
effect hydrolysis of the cells. The samples were cooled, brought to pH 5.0
with NaOH and diluted to standard volume. The amounts of the solutions
to be used in making the tests were determined by preliminary trials, and

TABLE 2

SYNTHREISED VITAMIN Resrpuxs IN CULTURES GROWN POR 48 HOURS AT 36°C. VALULS
BExrassszn a8 CAMMA PEr GrAM oF Frisu CxiLs

[T ] BIOTIN RIDOFLAVIN THIAMINK NICOTINIC ACID
E. cols 2.3 106 1156 62
P. vaigaris 3.2 5?7 a5 None ?
B. aerogenes 1.1 41 43 &0
A. fecalis 0.5 78 132 77
B. masenioricus None ? 14 . 83 204
B. wulpatus 0.8 B2 72 709

appropriate aliquots were employed at two concentration levels for each
vitamin assay 50 that growth of the indicator organism wouid fall within a
suitable range of response. -

‘Some of the results obtained with vitamin assays performed on six
species of bacteria are shown in table 1. Each value in the table represents
the average of four or six determinations. The whole series of assays were
repented st different times on different cultures. In actual practice the test
organisms gave satisfactorily consistent responses both to varied amounts
of synthetic growth factors and to additions of bacterial extracts.

As indicated in table 1, the cultures which had grown at 36°C. for 48
hours showed & higher content of the four vitamins per ml. of fluid than did
the inocuinted mediunm in which growth was inhibited by low temperature.
The results are taken to mean that under the conditions of the rxperinent
these species of bacteria synthesize B vitamins in greater an:otnts thau arc
used in their metabolism, and the residues accumulate in the cultures. The
biotin, nicotinic acid, riboflavin and thiamine accumulated by the growing
organisms wic: ~elrulitcd as gamma per gram of fresh bacterial cells.
These data are showu ... «wble 2. The quantity of biotin was much lower
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than the other growth factors found in the culturcs. It is generally :oown,
of course, thut biotin exhibits biological activity in exceedingly wnall
amounts. What the influence of different cultural conditions inight be

upon production of vitamins by bacteria would be worth furthe  windy
An important question is how much of the total growth fac . * o xduced
may be liberated from the cells into their environment. The few t.em which
have been made on filtrates and whole cultures of E. %oli and B. aerogenes
indicate that from 1 to xﬂ%olthuotnlbmnm\?w \ i acid present in
48-hour cultures may occur outside the cells, while umuewlhut larger por-
tions of the riboflavin and thiamine appear to be leached from the bacteria.
In cultures of B. aerogenss which had grown foe 111 hours, about 30% of
the biotin, thismine and ribo-

' flavin and 40% of the nicotinic
v BOTIN- Y/ W // acid produced by the bacteria
i pd were found in the filtrate. Age of
£ d the cultures and other faciors
5° P i * appear to be important in detes -

3 s icotwe seo-r/w xei mining the distribution of thes:
" : ,.'r/'/ C THIAMING - T ML K Q). ‘water-soluble vitamins betwcen
£ ,7'/ === the microbrganisms and th-
§ 1 e medium in which they live.

g .i///\‘ Riaoranm- r/uLa A study was made concerning
S R s e e i we thevitamins occurring in cultutes
AGE OF CULTURLS - HRS. of B. asrogenes at different period:

FIGURE 1 of timeup to 111 hoursafterinocu

Concentration of vitamins in cultures of .

B. aeregenss grown in a chemically defined
medium for different periods of time.
Maximum valies per mi. of culture sus-
pension were as follows: biotin, 4.8 my;
nicotitic meoid, 0.31 y; thiamine, 0.18 «;
riboflavin, 0.12 v.

lation of the basal medium. The
results of this study are shown in
the accompanying figure 1. It
appears that the bacteria synthe-
sized compar itively largeamounts
of vitamins dvring the early stages
of growtk:. At 141/s hours the

thiamine, nicotinic acid and riboflavin content of the cultures attained
values almost as great as those reached subsequenuy u:){‘p 48hours. The
biotin content increased continuously throughout the ed(ise period Fron
the standpoint of utilization of 'ruwth fo :tors by the bactenn. it is signifi-
cant that synthesis of the vitamins occurr®¥ cwtly i (%3 ;L viad of Froy th.
Information of this kind should be ‘w"ul,lble also i any ale rryto estivaty
possible iscs” which indy be made of Liid vitamins synthesi ' 13 lcria.
In tecqn; times the syntheiic povers of microdrganisis 'ave been
steadily nsmmmg greater sigh.ficance in relation to human welxa e, as, for
example, in the employment of bacteria and molds in the dairy and chemi-
cal mdustnea and the use of yeast for ‘1. sane of 1t: I3 Vitam £ s & sapple-

L
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ment in the dict of man. The extent to which mlcroﬁrganmns livi ing nor-
mally in the alimentary tract of an animal may synthesize vitamins and -ou-
tribute directly to the, vithmin requirements of that animal constitu'cs a
problem which has not yet received adequate attention. Demwunstrati . of
the :ymhﬂld viteming by intestinal bacteria, as presented in this recort,
. showld have WMMH signiicance in connection with further inv: .t/ ;a-
tions on the :mmma tclaﬁonshlps existing among microdrganisms, ini-
mals and man.
1 Snell, E. E., and Strong, F. M., Encymologia, 6, 186 (1939).
§ Silverman, M., and Werkman, C. H., Jowr. Bact., 38, 35 (1938). '
* Doclman, A., Koser, 8. A., Reames, H. R., Swingle, K. F., and Saunders, i. :ur.
Infect. Dis,, 65, 163 (1989).
&%;m.w C., Handley, W. R. C., and Happold, F. C., Brit. Jour. Exp. /‘ th., 20,1196
1
( & Scheunert, A., and Schieblich, M., Biockem. Zeit., 139, 57 (1923), '
¢ McEiroy, L. W., and Orom, H., Jour Biol. cm. 130, 437 (1930); Jowr. Nutrition,
. 20, 07 (1930).
u;;ll)uqull! K. J., Pantler; C, F,, and Mecchi, E., Proc. Soc. Exp. Biol. Med., 38, .36
* Williams, R. J., University of Taxas Publication No. 4137 (1941).
* Bonner, J., and Brickson, J., Amer. Jonr, Bd..IS,GBB(IWB)

THEORY OF THE EFFECTS OF LIGHT INTENSITY AND
DURATION IN DETERMINING VISUAL RESPONSFES

- By N. R. BarTLETT AND G. E. HubsoN?
nl’umm or PSYCHOLOGY AND OF PHYSICS, BROWN UNIV "RSITY
Communicated June 15, 1048

»

In this paper are presented some applications to the phrnomena of bright-
ness discrimination and abolute threshold measurements of a theory based
partly on the fusiliar differential equation proposed by :lecht? t~ ac: -
for some of the phesomena of the sensory proceu A geny e -

. this equationis - -

. Y .
,. . -u . <
o . g - k [bIJ (a. - x) — Ry | ;’t“*

teli

where, for vision, I represents the intensity of (lu Sy 't'" *.
centration of photoproducts brokea down fromn {:. ungu;lul s ]

aq of the light-amsitive substance, ¢ represents s, m, and n, are R I
expodients indiesting the order cf 1l reacticus und ki and £, aze dime,
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f COMPARATIVE TOXICOLOGY OF THIAMINE,
ITs MONOI’IIOSI’IIQRI(I ESTER AND COCARBOXYLASE P

. CAUSA - G C. PERR]

CRICHARDRON-MINREI S o, S A - NAMNLY

Susmmany., — The arnte LDy of thiamine monophaosphate (TMP) and
thiamine "diphasphate (TDP) was compared to the dente 1.Do of thinmine
(T) by weans of stondavd bioassay techmiques. Three species, monse, sat and
rabibit and two adwinistration vontes (v, and i.p.) were wed. TMP and THP
are conpvamed to e less toxic than T, In addition, TDP appears 1o be less
toxic than TMP, . :

The compurison of the three compounds was alse done by micans of u
prolonged administration experiment of four weeks in rats treated inlm’u-rim.
neally, VAP asedd “FDP appear 1o be less toxic tham T, wheén equimolecular
doses af the three compounds are ssed. In addition, TDP shows to be less toxia
than TMP when doses of % LDw are wsed.

RIASSUNTO. — Sono state confrontate e tossicitd acute della tinming (1),
det suo esteve monofosforico (FMP) ¢ della cocarbossilasi (TDP) in tre specie
animali (fopine, ratto ¢ conigliv) mediante due vie di somministrazione
(endovennsa el endapevitoneale). Medinnte metodi statistici appropriati si &
calcelata la potrnza relativa, o titolo, del TP ¢ del. TDP, assumendo la T
come standard. .

I visultati ottenuti confermano la minove toasicitd acuta del TP ¢ del
TDP vispetio alla T ¢ dimostrano la minore tossicita acuta del TDP vispeito
al TMP.

Infine anche per le prove comparative di lossicita subacuta (A settimane)
nel vatto per via endoperitoncale ¢ stalo dimostato il minove effeito tassico
del TMP ¢ del TDP vyispetto alla T (trattamento con dosi equimoleeolar),
nonché del TDP vispetto al TMP (trattamento con dosi pari a % delln D1.J).

The acute toxicity of thiumine (T), thiamine monophosporic ester
(YMP) and thiamine diphosphoric ester (TDP) has bee studied
previously on various animal species (1-10). )

A survey of the pertinent literature shows that the two phosphoric
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esters of T have been found 10 be les toxic than T itell: however,
most of the data are not obtained by direct comparison (4, 5); therelore
the confidence limits of the potency ratio among the tested compounds
cumot be established. Furthermane, there are not data on comparative
ity dor T, UMP, TDP on extended treatment.

We are reporting here, data on:

Ao Comparative acate woxidity of single doses of T, TMP awt
TOP in three animal specdies (mouse, rat ad vabbit) by intravenous
and intraperitoncal administration;

B. Comparative subacute toxicity (1 weeks) for the three com-
pounds in ra after i.p. administration,

Acute toxicity in rabbit has been tested by determining theythres-
hokl dose causing cardiae arrest (divect asway); in mouse and rat by the
comparison of the log-dose/mortality lines (indirect assay). The terms
and the statistic methods used are thase reported in the F.U, US.P.
XV1L, B.P. 1963 and in the text for biological assay (11).

Materials and Methods

The follawing sulstances have been usd:

- thismine hydiochloride (*), molecutar weight == $37.27  (thiamine
raddic contenu of Q786 g/ g);

—- thiamine monaphasphoric monohydidhiovide bishydrated ester (*¢),
wmolecular weight = 116G.82 (thiamine vadics conent of 0.636 g/ g):

- thiamine diphosphoric hydrodoride ester (*0), mobecular weight =
H0.749 (ahiimine vadical conment of 0575 g/1 g).

Purity controls of cach praduct were performed.

ACUTE Toxicny: efndirect Assays

Male Swiss mite, (18-21 g body weight) and male Wistar vins (95-1256
hw.) were wsed. They were caged at comstant temperature and  humidity
(1 = 200 H = 5098) and fed at balanced diet (**%). The producty tested
were disolved in water, noutralisccd with NalHCO, when aecesary and admi.
nhstered intravenously or intraperitoncally at different doses, but at constam
volumes: 10 mdfkg Ly, and i, in mouse, £ mi/kg v, in me

The animuls were controfled for 4B hrs after treaument. The caleulations

(®) Pierchimica,
(**) Richarson-Merrel, S.p.A,, Naples,
(***) 8. Marin, Solid Diet MIL Morial,
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for 1.De, l;uu.-my cvaluation (ratio betwern oquipotent doses of T and of
cach one of the two compomuls) 1ested with confidende Bimits, were performned
ot IBM 360716, with the probin methad using the Quantal Assay Program ().

ACUTE T0XICHY: aldivect Assays

Rabbits of Loth sex, (1629 kg hw) were used, housed at constit
tomperature amd lanidity (1 = 290 H = 50%) and fed ot Babaed dict.
The somples (standard T, TME and TDP) were injected iy, at cosstant rate
(0.2 mi/minute) to tree groups of five sabbits, untit death due 1o Gadii
arrest ocomrred, ‘The single Tetal doses are expressed in g thinmine tadicd/kg
of body weight, The calculations of the potency evaluation were perfoned
after the Jogarithmic isformuation of the single Jetal doses (11).

SUBACUTE TOXICITY

The compamnds were injected daily ip. for four weeks in malbe rats (98120
initial b.w.) acconding 10 the Scheme inTable 1.

Tame 1
Administ. | Dowe ma/Mic/tic|Done mase/dic] Animain | Trentment | cat
Substance  [on pure nubsi.| as T rwbical No. Poriod nlues
T 05 2490 o0 Pweeke | % LD T
‘r™MP 877 240 o t weeks i vyuimolec. with
DR,
|
T™P i g ' fwecks | % ED, IMP
Tope 417 240 50 1 werke ‘ equimiolee. with
| wengr
‘e 11%0 630 o weks Do ang 1o
Results

ACUTE ToxXiChy: «Indirect Assays
The data obtained in the acute’ 1oxidity tests expressed in g
thiamine radical are reported in Table 11

(*) We thank Dr. J. Mever amd Mes, 1, Spurkck of Biostatisties Dept, of Thie
Wir. 8. Merrell, Cininnati (USA), for sonding us their Program,
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Tamx U

dente doxicity of TOPMP and TDP exproesed in mgfhg thinming radical in
mawse and in vat by fv. and ip. voutes.
Titvation of TMP and TDP as to T by the indivect method.

Ar Al apecien % ! AN, done LD, und cont. timits ‘ g _ Potency and ronf,
wiminietr. " , N W 2a Hmita
P B | Max doe - ves [-4d P . 05
rovie ; g
T Mt nowl sW 4 (63 BG)
LTI A FTMEP 0| G oRE ST 798 156 (17 5y (707 ] 063 [IX[NTIRARINE )
TOr | I8 | 7] MmR.oWTh| TR 471 437. 501 016 (0.13.0.18)
1 170 RARRLEYE U N X 268 (28 Y
Vowe . TME |20 1] a6 ] e N T 607! 004 038 (1.34-0.49)
e W0 T TR .64 M3 (953 1238) 025 (1.21.029)
r 100 | 51 1o, 2027 p252 (159 1)
R i TMP | G0 71 2% 714! s IR7 (434 7R) 0.02¢%) | 036

——
-
i
<
2
-1

3 5 606 | IRR (451 53 .36

T HO 7 oMl 624 o’y AR ( 450. 37
at i LRV T TI NC TTY I SLUE 3 TR 108 ¢ i tondy e o0y [LX VANTIR KN IR )]

TP L RO o2 pert ] isas 1300 (11921128 i i 07 @l oan
b stopwe od line o paper log dine-probits,
b = stope of the common Jine in tase the pinallelism Dypothesis is valid,

40 =i this avay the paliclisme bypothesis is codadicted. Thawfoe the poteny changes accond.

g 1o dose; selations among 100, are given for information.

The smallesy variations of the confidence limits of 1.0 for TAIP
were lound in mice by the iy 1oute, The Logest oscillations for T were
foumd in mice by i,

There is' no evidence of deviations from parallelism ainong the
tines of the thrce compared prodecs in three of the font asavs (mouwe
by i mowse by ip.and rae by ip.ovoutey (Table 1), Theselore the
potency evaluation (atio between equitoxic doses of “F et of cach of
the two samples) are valid.

I mice TMP and TOP adminisiered iy, are lew toxic than T and
cquitoxic between themselves. The ratio between LD of T and TMP
amd between LD of T ind 'TDP is eqqual 10 0,16, The higher confidence

“limits (0.18) are fur from unity, which means that the porency difference
among T, I'MP and ‘TDP is highly significant,
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In rat by i.v. adminisration the parallelism conditions among the
three lines are not satisfied, therefore, an evalnation of polency cimmnot
be given: the LD for 1M ad 'TDP show that both ave less toxic than
T and cquitoxic between themselves. ‘The same s vilid for i.p. admini. -
stration. “I'DP appears 10 be less toxic than TMP in mice, since the
higher confidence limits of potency for ‘TDP are equa) 10 0.29 and do
not reach the confidence limits for ‘IMP (0.84). A similar condition .
is found. in experiments on rat, where limits are equal to 041 and
0.43 respectively.

ACUTE TOXICHTY: eldivect Assays

Administration i.v. 10 rubbits of the compounds tested and the
resulis obtained by the determinations of the thresholdloses of letality
(Table 111) confirm the lower toxicity of 'TMP and ‘TDP, whose potency
referred to I ix 0.65 and 0,18 respectively. In both cases the higher

Tamx 1]

Talues of ‘the single Ietal doses (rwvdiac arvvest) of T, TMP and THP in mglhg
thiamine vadical in_rabbit by iv. voute, Titvation of TMP and TDP as to T,

T (Standard) ™P ™P
Ringte totul] Kingle letnl [Singie tetal
iy Tang dooesn Hoses Lo thomen dones L o
angsug tmu/Rn (mg/kg?
05 2384 a9l L7716 567 2.7536
1.1 272 h.[r) 2.4871 R 2.7566
145 2997 736 2 R e 27497
L 25019 7 2 ki R 27988
i 144 2 7 24579 »', 7°47%
—-——.._..___:\.w‘ - ..!_. - .' : : N
! f i !
Mean : f 2.45tn A ) j v aL
i |
Variance | i LY ) t f 00340 | ’ 0 tmy
— e |
«Puols Vaviance 0.0240
Potency s 0 T 085 (0.46-0.93) 4R (0.34.068)
Potency of TDP
™ o TMP. 0.73 0.521.04)




COMPARATIVE. T0OXUAGY O FHIAMINE, 118 MM IIOSEIORIC FNIPR, vtc, n?

confidence limit docs not include the unity, thus the difference between
the two smnples is significant at the 5% level.

In fact 'TDP is less toxic than TMP (potency = 0.78), even if the
higher confidence limit is slightly ubove the unity (1.04),

SUBACUTE T0X1GITY

Administration i.p. in rats of equimolecular doses (210 mg/kg daily
of thiamine radical) confirnw the lower 1oxicity of the two exters in
vompanison with ‘¥ itself, The mortality vate after 28 days of treatment
for T is 38.8% (23/60), for TMP (I <0.10) 15% (3/20) and for ‘TDP
AP <O005) 0% @720). "VDIP seems 10 be less toxic than TP =0l
(Fig. 1) ‘The . administration of a dose cqual 1o § LD gave similar
results: on the 28th day the mortality with T amd “UMP are very
similar: SH.8%  (28/60) and 15%  (18/10) respectively, significamly
higher (in both cases P <0.005) than that of T'DP; 5% (1/720) (Fig. 1 b),

DR i) [} [ 1 1) ” »
Poys of  Tevatment Bope ol Vicotmrat

. ]
Fig. |
a

Subaewie duxisities of T, TMP and TDP admivistered in rat a1 equinnidecutar dines
(B0 g g i ax thimmine sydical). Comnlative uontality peocentage as to lime,
b

Subwicute tovicities of T, NP and TOP miminh!nrd lu. vl at half doses of LD i
(240, AT und 800 mgfhg dally as thivmine radicnl for T, TP and - 1'DP respectively).
Cumulative murtality peveentuge as to time,

Conclusions

TMP and 'TDP have lower acute toxicity than T, as reported by
other AN, (1, 5) andl this is confirmed by wur experiments, The toxicity

4. Rd. P,
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difference is noticed in 1a1, mouse (indivect assay) and in rabbit (direct
assay), therefoe we cin condude that the toxicity difference is not
speciesspedific, at least s fur as rodents are concerned. ’

Our data show i tlefinite lower toxicity of TDP in.comparison with
I'™MP which is statistically significant in mowse and in rat weated by
i.p. administration; such a demonstration in the smne species by
intravenous administation of the compounds, could not be conclusively
obtained.

In rabbit ‘TDP has a lower toxicity than TMP but this cannot be
stated with certainty, since the higher confidence limit of the potency
evaluation is slightly above the unity.

After 28 days of treatment with cquimolecular doses of T, 'TMP,
TDP, the toxicity of the three products is in decreasing order toxicity
(T, TNP, 'TDP) in accordance with the data obtined in the acute
toxicity-test. Using fractions of equitoxic doses (% LDs) for prolonged
treatment, similar results are oblained. .

In fact, the mortality of the animals treated with ‘TDP reached
the 5% at 1he 26th day, while in the groups ireated with 'TMP and T

“the mortality progressively increased o approx. 50,

These results cannot be easily explained but they couhl agree with
the hypothesis that, in order to penctrate the tissuc structures and 10
exert a toxic action, TMP and 'TDP should be dephosphorylated first
10 T and that the dephosphorylation of TDP could go on at a slower
rate,

Research on By «deficient rats suggest that the administration of
TMP or ‘TDP leids 10 acenmulation in organs only after dephospho-
rylation and subsequent phosphorylation in the cells (12).
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Effect of Massive Doses of Thiamine on Fertility and Lactation in the
Albino Mouse.*

‘.

Leororp R. CERECEDO AND LEONARD J. VINSON.
From the Department of Chemistry, Fordham University, New York City.

The experiments of Perla! showed that
feeding rats with large amounts of thiamine
resulted after one generation in interference
with lactation, loss of maternal instinct, canni-
balism, and progressive loss of fertility. Con-

- tinuing this study, Perla and Sandberg® found
_that these symptoms were prevented by giving

* This investigation has heen supported in part
by a4 grant from the John and Mary R. Markle
Foundation.

terla, D., Iroc. ®oc, Exr. Bion. axp Mep.,
1937, 87, 160, !

“Petla, D, and Sandberg, M., Proc. Soc. Exe.
bioL axp Mep, 1939, 41, 522,

manganese chloride daily to the animals. If
the diet was supplemented with manganese
chloride alone, interference with lactation re-
sulted, particularly marked after one genera-
tion. The observations of Perla werc con-
firmed by Sure.® In contrast to the findings of
Perla, and of Sure, Williams and Spies* re-
ported normal reproduction in rats kept on
stock diets supplemented with large amounts
of thiamine through 3 generations. The

3 Bure, B, J. Nutrition, 1939, 18, 187,

¥ Williams, R. R,, and Spies, T. D,, Vitamin B,
and Its Use in Medicine, Maemillan Co., New York,
1988, p. 286. '
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Errect oF THIAMINE EXcEss

TABLE 1.
Dltl. on %eproduetion and Lactation in Albino Mice Kept on a Basal Diet of Purina Dog Chow

ith (a Thmmme. (b) Thinm

ine + MnCla, and (e} MnCla.

» No. of No. of

Goneration Supplement No. of miec litters born litters weancd

Parent None 10 10 8

Thiamine 10 7 7

" 4 MnCl 5 5 4

- MnCly 5 5 5

Fy Thinmine, lst mating 5 5 0

i end ! 5 3 3

»” + MnCl, 1] 4 4

MuCl, 5 4 4

Py ) Thiamine 5 5 4

1 4 MnCly 5 3 3

MnCl, 5 4 4

present report presents data on the effects of
massive doses of thiamine in the mouse. The
action of manganese was also studied.

The basal diet consisted of fincly ground
Purina dog chow. Albino mice of our own
strain were divided into 3 groups and fed the
following rations: Group 1, basal diet plus
250 mg thiaminc per kila of diet; Group 2,

+ basal diet plus 250 mg thiamine and 1 mg

MnCly per kilo; Group 3, basal diet plus 1
mg MnCl. per kilo. The mice were placed on
the diets when 21 days old, at which time
they weighed 8 to 10 g. The effects of the
3 diets were studied throughout 3 generations.

The growth rate in the 3 groups was prac-

. tically the same and was similar to that ob-

tained on Purina dog chow alone. In the rat,
according to Sure,® a supplement of a large
amount of thiamine has a stimulating effect
on growth, The daily average intake of thia-
mine for the mice in Groups 1 and 2 during
growth -was 625-750 ug since the daily food

intake amounted to 2.5-3.0 g.

As shown in Table I, reproduction and lac-
tation did not appear abnormal throughout the
3 generations in any of the 3 groups. Second
generation mice on the thiamine-supplemented
diet destroyed their young upon being mated
the first time. However, a subsequent mating
saw them successfully wean their young.
During reproduction and especially during
lactation the intake of thiamine was greatly
increased due to the increased food intake.
During lictation the mothers consumed as
much as & g of diet daily. Such an amount of
diet would contain 2000 ug of thiamine. The
amount of MnCly ingested daily during growth
was approximately 3 mg, and about 8§ mg
during lactation.

Summary, The effect of massive doses of
thiamine on reproduction and lactation in the
albino mouse has been studicd. No harinful
action was observed.
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“ . CONTACT DERMATITIS DUE TO THIAMINE
«oe i Report of Twe Cates L
PETI FRANK C. COMBES, M.D.
S AND '
S o JOHN GROOPMAH, M.D.
. v NEW YORK

. A review of the: literature discloses no cascs of contact sensitivity due to
thiamine (vitamin B, and personal communication, so far as practicable, with
other dermatologists fails to elicit any cases of allergic contact dermatitis due to it.
Within the past two years we have obscrved 2 cases of such coutact sensitivity.
" Both occurred in persens who worked in a pharmaccutical establishment, fifling
ampuls containing injectable materials, one of which was vitamin Ui

The paticuts’ sole duties in these establisliments were the fitling of ampuls and ’
vials, without actually handling the coutents, althongh from finic to time the
contents splashed onto their fingers and hauds. The interval of time clansing
between the initial handling of the substances awd the appearince of a derniatitis
was -three months and eipht months, respectively.  In cach instance the original -
site of involvement was on the back of the hands and fingees, with subsequent
spread to the wrists and forcarms. Reactions to patch tests were positive in both
patients and remained so for many months. Simitar patch tests with the contents of
other ampuls individually and cnllectively elicited nepative roctions, Adiditionad
evidence that vitamin Bx was responsible was the immediate recutrence of the
dermatitis when the patient returned to the same work, with reexposure to the
coutactants. . '

Cask 1.—A. M, a 35 yecar old wonun, had heen cmployed fillinge ampuls ard
vials with various vitamin fractions since Febraay 1918, She appeared at owr
office in October of that year complaining of viokent itching of tl-e fingers, hands,
wrists and forcarms.  For specific duty at the plant was the opes aken of 1 machine
filling vials and ampuls. She never wore ploves or aay ather prutective cdlothing;
and so from titme to time some of the ingrodicnts spille:t over hee hands.

There were patches of an crythenntovesiculpr deematitis on the fingers. backs of
the hands, wrists and forarms. Many of the patchies were coveie 1 with finescales,
while others showed punciate excoriations due to scratchin, The patient addd, o
direct questioning, that at various times she tilted vials with a ceade fiver extvack
under ultravivlet radiation.  She felt it her hands hecame worse at these timeg
and initiatly thought that passitdy all her troubles were from this source.  However,
tests with crude liver (fsom her establishment) were done by painting the crude
liver extract in full steength on the skin adjacent to the involved ireas ard gimuls -
taneously expusing the areas to .intense ultravivlet radiativn,  Thete wes neither
an exacerbation of the involved arcas nor an excossive reacting in the irradiated
areas forty-cight bours later.  Patch testd with all the ingredirnts used in filling
“the vials and the ampuls were then made. Within forty-cight howrs at each of the
sites of patch tests for sensitivity to vitamin Py there wos m pasitive resction
especially to pure vitamin B, which clicited about a 3 plus reaction, These desks
were repeated, along with an additioral one Wwith pure thiamire hydrodnloridc—
U.S.P. ‘Fests were also made on controls. Forty-vight hours later the paticnt
. showed 3 plus reactions on all sites.  The reactions on the contiols were negative.

From the I)wnrimcm of Dermatolugy and Syphilology, New York Uiy ersity-
Bellevue Medical Center, College of Mudicine, ) ‘
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Twelve &nqls Rater tlre prtch tects with vitanin Iy were repeated, and the same

. 3 plue renctions were clicited, On the chirty-cighth day the same procedure was
‘B ‘-mgewﬁe&. with deplication of sesults, ] )
; Wit a wrew o tnling some previons expeture to vitamin B, the patient was
oquey Soned weefully as ¢5 the use of vitaming injections of vitamin B. in particular,
She slated that she had not 1rken vitaming in any form as medicing 2nd had sot
: taken awy cther medicament for miny yoare, \
© &% made on uneventinl recovery with routine leeal care, which included appli-
@ tion ef ointments and grenz radiation. At exch visit the oririnal sites of the pateh
tesis, shll showed evidene of positive reactions, Some of the tested arcas were
covered subsequently with fine scales ‘
. Severs| wuets after discharge she carre Tack with a similar dermatitis.  She
had {eumed to Hwe plant and resumed the F'ling of vials and anruls with
vitamin B;. Simaitangous!y there was enmie eryibhamra at the sites of the patch tests
dong on the pecasion of ke initin] dewmetitic. A\t s time she was anain retested
. 8nd found gensitive to 8l) coutsctants corzaining vitamin Ba. Tests with all other
age dlienty ehicited wegative veaction. .

Casz Z--C. F., 3 36 year <) worman, wes enployed at the same plant doirg
the same type of work as Hw prvioss padant. After only three menths at this
occupation the voted ivching of her fingers and hands, This became progeessively

 worse, but she coninasd 1o Gl Hre vials with vitamin P Both exelids were swollen

and red: sho recalied wapire her €y with $er hanels while vorking, On direct

questioning she 2lso giated vhat she had naver taken vitamin Iy by injection or

. mpeskion or Hhint she hod ever baen employed doing similar work, filling ampuls
or viels. previous bo her present jch, :

©_Examination dixlosed p&dﬂﬂs ek an crythemntovesicular dermatitis on the -

Gngers, vt inflammatory odema ef both cyclids,  Patch tests with all the

; iﬂgncﬁeh#s she hendled weve epptind. but onty thnse containing vitamin By clicited

T positve reackions, A paich teh with pure thiamine Liydrochloride U.S.P. clicited a

2 plus Po%iﬁue ceackon.  The patient made an wmeventiul recovery and was
werned ghout hor sensikivity to swbstances contacted in this cccupation.

Sgverst werks later e ve uswved tw e office with a recurrence. The dermatitis
now exterded to the wrists, forearms and cubitsl regions.  She had not followed
sdvice end bod sgain ban apéroting e are machine.  Within the same week
gl her symploms hod exocevdbyed, Patch tests were repeated, with identical
resufts. Following odmenition et te return to the same job and to avoid contact
with solutions of vilamin By she has since remained well. .

1p4 Enst Forfieth Street. s ‘Y
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declincd slowly. Heating the hypothalamus for less
than 3 min. or to leas than 41-5° C. produced only a
very small inoresms in ovuporation, although a risc
in the skin tempersture of the cars occurred and

ma’ra:tormm asud.
hen the Rypos s was repeatedly heated to
41.8°C. for 3 min. &t intervals, the rate of evaporation

from the skin incronsed progivessively (Fig. 1), but the
itude of the inwcrease tended to decline with
sticeemive atimulations.

The results of the present work demonst
evﬂawmion from the skin a8 well as vaeodilatation
and panting ocan be stimulated by heating the
hypethslamus. It is not, however, suggestdd that a
riso in the temperature of the hypothelamus is a
necessary condition for an increase in loss of moisture
from the skin.

The incrcnss in ovgporation may be related to the
active secvetion of the sweat glands; or to an increase
in diffusion of water through the skin. V'ha progressivo
increans in. evoporation after repeated heating is,
however, diffloult to necount for if evaporative loss
is due to liﬂlllb diffugion. D. L. INORAM

J. A, McLrax
. G. C. WHITTOW
- Department of Physiology,
- Hannsh Dairy Research Institute, Ayr.
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rate that

Effect of Added Vitamins on the
Phagocytic Activity of the Reticulo-
Endothelial System of Mice

Wx have rcported that mstrogens stimulate the
retioulo-endothelial system in the spleen, liver and
lymph nodes and load to mobilization of the phago-

Cordingley-'61
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oytes into the blood streamn and thus probably to .,
increase of the goneral defence of the body aivain.
infection’.  We have also shown that antibiotic..
and sulphonamides® have little cftect on the phau.
o ; but cortisone depresses the retieulo-end.
thelial system and also reducos tho concentration of
gamma-globulin in the serum to about half the norma|
levelt. Unpublished rescarch in this laboratory alx.
shows that when the reticulo-cndothelial system .
stimulated with, for example. diethylstilboestrol,
the serum gamma-globulin is increased to ahow;
twice the normal level, and the formation of antibad.
is increased about eight timps. Groups of mice anl
guinea pigs may be protected by this means again-t
challenge with a number of lethal doses of virulent
haeterin. Further “unpublished results show that,
when animals aro given a dict froc from vitamin .1,
the reticnlo-endothelinl  system - hecomes  yreatly
depressed and when normal dict (Oxo mouse and rat
diet) is resumed the phagoeytic index returns 1o
normal in about thirteen days.

The presont research wos planned to ascertain the
‘offect of added vitamins on the phagoeytie activuy
of the reticulo-endothelinl systein in normal liealthy
animals.

Two hundred and ten male wlhite mice (T.O. Swis
strain) of 20-25 gm. weight were used in these experi-
ments. Ten animals were used to test cach vitamin.
The vitamins usod. the dose, route of administration.
frequency and duration of dosaze are shown in Tabl-
1. The estimated daily vitsmip requirements. also
shown in Table 1. are those given by Spoctor®.

Tho doses in most of the experiments are grenter
than the estimated requirement and during the treat.
ment tho animals remained on normat diot.  Vitamin
D was dissolved in olive oil, vitamin E and vitamin K
(natural) in arachis oil to which a small amount of
‘Teepol’ was adlded. and the remaining vitamins wepe
given in aqgueous solution suitably buffered for
stability according to information kindly supplicl
by Roche Products. All the sointions were made up
80 that one dose was contained in (-2 ml. The route

Talile 1. BFFROT OF ADDED VITANINS 0X THE PHAGOCYTIC ACTIVITY OF THE RETICULO-ENDOTHELIAL SYSTEY

l

i ' i ] Mean
: i Estimated | | Frequeney  Duration phagoey the
Vitamin used . dafly I Dose i Ronte of - of Inddex (K
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: : 7010, i LP. “'nenk 2 weeke 1510
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* Cateiterol i 20 1T 1010, I oral 2/week Tweek | 1420
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administration was either intraperitoneal or by

Two days sfter completion of the vitamin troat-

ment the phagocytic activity was measured in cach

p of snimals by the rate of disappearance of &
E:‘:wn amount of specially prepared carbon from the
cirgulsting blood®, the procedure used being that
deseribed in a previous comrmninioption?, and the
fotel bedy phagocytic activity or phagocytic index

gt by the symbol K.

Ten vonitrol animals, receiving no treatment,
«howed & phagoeytic index or K value of 15 = 2-0.

The results are shown in Table 1. In the doses
adhinistered the vitamina given to normal healthy
yrowing mice had no discernible offect on the phago-
evtic activity of thu reticulo-endothelial system. Tho
above results might weill have been expected since.
for the most part, vitamin action appcars to be
relgtod to the enzyme systems of normal ccllular
metabolism. In contrast, in infeetion, when the
metabolism of the reticulo-endothelial celis increases,
the requirement for the various vitamins may also
be raised. :

In theso investigations we gratefully acknowledgo
advice and gifts of vitammins from Roche Products.
Ltd., and Glaxo Laboratoties, Ltd., and also financial
assistance from the Tobaceo Manufacturers’ Standing
Committee and the Medical Research Council.

J. CORDINGLEY
T. NicoL

Dopertment of Anatomy.
King's College.
London, W.C.2.
' Nicol, T., Melmy; 1. D.. and Abou-Zikry, A., Brt. J. Swrg., 40, 160
(1062).

*3ewell, L A., and Nicol. T.. Nature, 183, 1662 (1053).
* Niool, T., soul Sewell, 1. A., Nafure, 184, 1241 (1060).
‘Wb&li‘,;l‘“). snelt, R. 8., and Bibey, D. L. 3., Brit. Med. J.. li, 200

 Spector, V.:\’. Q.. Handbook of Bivlogical Dals, 1, 167 (W. B. Saunders
Co., Philadelphia, 10506).

‘Blu:l. G.. Benacerraf, ., and Halpern, B. N., Brit. J. Ezp. Path.,
36, 441 (1939,

Effect of Bradykinin on Uterine Activity

It was reported recently! that plasma kinin is
formed spontancously in human plasma collected
during labour. Tested on the isolated rut uterus. the
roaximum oxy tocic activity was stated to be equiva-
lont to meveral units of oxytucin per millilitro of

lasma. It was suggostod that kinin formation may
Eo related to tho powerful contenetions of the human
uterus during parturition.

As yot the only kinin which has heen chemically
defined and is avuilable in & pure form is bradvkinin.
We themfore investicated the uterine effect of
avathetic bradykinin® on the human uterus in aitu
(external*-¢ and internal? tocography) and in vitro®.
and on the uterus in s&itis of anwethetized non-
pregmant rata, cata’® and rabbits?,

Single intravenous injections of up to 2 ugm. ‘ken.
bradykinin and intrax enous infusions of 0-14. 0°28 or
0-36 . pom.’kem. 'min. of bradykinin—each dosc
infused for a period of 3 min.—had no oxytocic effect
on the human uterux in &ite a fow hours before or after
labour. In one caxe. I-4 uom.’kem./min. infused for
3 min. was followed by a contraction, which may have
been connected with the administration of the pep-
tide. Although no uterine offuet could be detoeted.
the administeation of higher doses of bradykinin

NATURE

- 1 Boissomnas, E. A,

83

elicited a number of symptoms, such as lowering of
the systemic blood nre, hot flushes, sensation of
warmth in various 8 -of the body, ete.

Isolated atrips of human myometriem obtained at
Cesarian section contracted only after bradykinin
doses as high us several hundred or even thousand
pgm./l. Somo stripe failed to respond even to 10,000
wgm./l., although thoir sonsitivity to oxvtocin
(‘SyntocinonR’), for example, 23-100 milli-units/L-
was normal (100 milli-units oxytocin is equal to 0-2
pgm. peptido).

Tho rat uterus in aite usually gave a short-lived
contraction with 100 ggm./kgm. bradykinin (intra-
venous) ; 10 ugm./kgm. clicited a response only in a
fow animals. 100 milli-units/kgm. oxyvtoein consis-
tently produced a responsoe in all the rats.

In the cat uterus in situ 100 egm./kgm. bradykinin
(intravenous) invariably clicited a short-lived re.
gponse. In many animals 33 pgm./kgm. or 10 pom./
kgm. was also vffective, and one responded to as little
88 33 pom./kem. All the cats displayed a character-
istic uterino reaction to 40-80 milli-units;kgm. of
oxytocin,

The sensitivity of tho rabbit uterus in #ite to brady -
kinin varied grootly. Whereas in some rahbbits the
intravenous injoction of 1 or 10 pgm./kgm. was
followed oceasionnlly by a brief contraction of the
uterus, others did not react evon to 100 pom./kgm.
(introvenous). ~ Al rabbits showed a normal sensi-
tivity to mothyl-crgometrine (‘Methergin®’) : 0-15
mgm./kgm. invariably elicited the usual uterotonic
reaction. .

Tho isolated rat uterus is known to have a very high
sonsitivily to bradykinin : o minute dose of 0:00003
pem./ml. will sometimes  olicit  a contraction?.
However, the findings presented in this communica-
tion show that bradvkinin can scarcely be vegardod as
oxytocic in tho usunl sense of the word.  The doses of
bradykinin required to clicit o contraction of the rut,
cat and rabbit uterus ta &ite are usually much higher
than those cvoking o marked fall of blood pressure.
Moroover, the contraection is of a shapo different from
that produced by a low dose of oxytocin. The amounts
of bradykinin which contruct the isolated human
myometrium aro oxtremely high, and on the human
uterus in aitn bradykinin is virtually devoid of any
offect, even in doses producing considerable distress.

These findings do not favour the view that bradyv-
kinin might be a physiologieal oxytocic factor respon-
sible for increased uterine activity during labour in
the human being.

B. BerpE

Pharmacological Laboratories,
Sandoz. Ltd.,
Basle.
K. SaaMEL!

Department of Obstctrics and Gvnweeology.
Cantonal Hospital,
§t. Gall, Switzerland.
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Previous papers (Dnlgliesh, 1952; Charconnet-
Harding, Dalgliesh & Neuberger, 1953) have shown
that useful information on the relutionship of
B-vitamins to tryptophan metabolism may be
obteined by examining urinary metaboliles ex-
oreted after imgestion of tryptophan by vitamin.
deficient animals. The present paper describes a
continuation of this work with an elaboration of
the technique. The effects of deficiencies of thi-

amine and biotin have been investigated. Thianume
deficiency has been knuwn for some time to dewemwe
the conversion of tryptophan into nicotinic eacid
derivatives by the rat (J unqueira & Schweiged
1948), but there has been no evidence to shiow sk
what stage in the conversion thiamine functions
A preliminary survey of other B-vitamins swe-
gested that pantothenic acid, nicotinic acid o

biotin had no effect on tryptophan metabofism
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in the ret. This agreed with the known lack of
offoet of pantothenie acid on nicotinio acid for-
stion from  teyptag by the rat {(Junqueira
& Schweigest, . Moregver, should nicotinio
avid, which is derlved from tryptophan, be closely
jinked with tryptophan metaboligm, it might be
expected that a nicotinic acid deficiency once
established should undergo an auto-intensifica-
tion, which has never been observed. However,
shanmuga Sunderam, Tirunarsyanan & Sarma
{1954) have recently claimed that biotin is con-
cerned in an early stage of tryptophan metabolism
in Neurospora. The effect of biotin deficiency on
iryptophan metabolism in the rat was therefore
reinvestigated under more rigorous conditions. The
work described in this paper has been the subject of
two preliminary communications (Dalglicsh, 1954,
1935b).

METHODS

Animals. White rats, recently weaned, were obtained as
required from the stock of the Pustgraduate Medieal
School. These were kept throughout in wire-bottomed
metabolism eages to prevent coprophagy. Dict was fed
o lid. excopt when tryptophan was administered. For this
purpuee, Di-tryptophan (usually approx. Lmg g, bedy
wt.jday for 1 or 2 days) was mixed in nbont half the usual
amount of det, in order to encourage complete consump-
tion. The dvop in weight, frequently observable in the
growth curves after feeding tryptophar, is probably 1o be
sitributed 1o the temporary restriction of food rather than
to sny effect of the tryptophan per se though the palata-
hility may be samewhat reduced. Water was frecly available
at all times. Acetio acid was added as preservative Lo the
urine recoivers.

Eramination of metabolites. This was carriod out by
methods reportsd in detail elesewhere (e.g. Dalgliesh &
Tekman, 19563; Dalglicsh, 19334). Briefly, the urine was
centrifaged, metabolites in the supernatant were adsorbed
on desctivated charconl, eluted with aqueous phenol, con-
tenirated in a vacuum with simultaneous removal of
phenol; the residues were submitted to paper chromato-
graphy, using butanol-acetic acid as solvent, and suitable
eolonring reagents applied (Dalgliesh, 1932, 1055a).

Thiamine-deficient regimes. Diet 1. Casein (ethanol-
extracted for 3 days). 10%,: sucrose, 389%; starch. 40°;
fat mixture (& parts arachis oil to 1 part cod liver oil, wiw),
10%;; salt mixture (cf. Dalgliesh, 1932). 49,. The following
vitaming were added to each kg, diet for the centrol
animals {in the deficient groups the appropriate vitamin(s)
were owitted]: thiamine. 10 mg.: riboflavin, 10 mg.;
pyridoxine. W mg.; nicotinie acid. 10 mg.; p-amino.
benzoie acid, 25 mg.; Ca pantothenate, 3V mg.; inositol,
M myg; folic acid (pteroylglutamic acid). 2 mg.: biotin,
Ulmg.; vitamin K (Synkavit, Roche Products Ltd.),
b rig. Bach day 30 mg. rat of choline chloride were mixed
inthe diet wea 50, (wiv)solution. Each rat was indiv idually
Fiven daily dy dropper a solution of vitamin By, (Cytamen,
Glaxo Laboestirics Ltd.) equivalent to 0-05 ug./rat/day,
and also 01 ml. jduy of & 19 (w,v) solution of «-tocopherol
@ arachis oil,

Dist 2. This was aa for Dist 1, except that the amounta/

. dlet of certain vitamine were altered $o the following:
riboflavin, 40 mg.; nicotinic acid, 100 mg. Choline was
decreased to § mg./rat/day, )

-Dint 3. This was s for Diet 1, except that B-vitamins
were given in solution by stomach tube instcad of being
mixed in the diet. Stock solutions were made up as follows:
thismine, 45 mg./15 ml.-0-015-HCl; pyridoxine hydro-
chloride, 36 mg./15 ml. 0-018-HCL; biotin, 1 mg./10 ml.
50% (v/v) ethanol; Ca pantothenate, 326 mg./100 ml,
water; p-aminobengoic acid, 1 g./200 ml. 3%, (v/v) ethanol;
a mixed solution of 1g. inositol, 1g. nicotinic acid and
3 g. choline chloride in 200-ml. 0-15-HCI; folic acid, 5 mg./
100 ml. 509, (v/v) ethanol. The vitamin mixture for
administration by stomach tuba was made by adding
20 mg. riboflavin to a mixture of stock solutions as follows:
p-aminobenzoic acid, 30 wl.; inositol-nicntinie acid-
choline, 50 ml; thiamine, 1-6 ml; pyridoxine, 2:8 ml.;
pantothenic acid, 16-6 ml.; biotin, 1 ml.; folic acid, 20 ml.
The mixture was then made up to 500 ml. with water and
stored in the cold aml dark: 1 ml./dey was given to each
rat. Vitamin K (Synkavit) and a-tocopherol were given in
arachis oil from a dropper (0-1 ml/rat/day containing Img.
a-tocopherol and 1. Synkavit). Appropriate vitamin(xy
were omitted from the deficient groups.

Biotin-deficient regime. The ethanol-extracted casein of
Dict 3was replaced by an equal weight of dried egy albumin
(G. T. Gurr Ltd., London, 8.\, ¢), To the solid dict,
befure mixing to a thick paste with water, was added 1,
(w/w) succinylsulphathiazole, The vitawin mixtures were
the seme as in Diet 3, except that the quantity of folic acid
waa doubled, and appropriate vitamin(s) were omitted
from the deticient groups.

RESULTS

During this work various basal vitamin mixtures
have been tried, snd {wo modes of vitamin ad-
ministration compared. 1In previous work (Dal-
gliesh, 1952; Charconnet-llarding et «f. 1953)
vitamins have been mixed in the diet. Tt was sug-
gested to the author by Dr A. M. Copping that
more satisfactory results were obtummable if
vitamins were given daily in solution by stomach
tube. The amount of vitamin consumcd is then
known with more certainty and, as no allowan«e
need be marle for incomplete consumption of foed,
there is uxeful economny. The enmparisons made in
this worl: have convineed the anthor that there are
considerable advantages in Dr Copping's techniogue..

Five experiments were carvicd out in the thi
amine-deficiency investigations, Al gave the sime
results, described below, from the point of view of
tryptophan metabolism, but growth curses fon only
two of these experiments are reproduced. Fig, 1
shows curves obtained in an experiment with
Diet 1, and illustrates a hazard sometimes en-
countered when vitamins are mixed in the diet. It
will be seen that, after 25 days, growth of the
control animals markedly deteriorated. Satis-
factory growth of control aniials had previously
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boen obtained on s similar diet, and the work of
xmlut-eh&ma (1983) and Rombouts
(1887). on the , of thiamine in
loboratory diets makes i ble that the poor

mwummmm in Fig. 1 was due
to a thiamine defisiency. In omse o vitamin
imbalance was involved, another group of aniimals
were given Dirt 2, in which the proportions of the

Th
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1 1 { 1
0 10 0 30 40
Days on diet

Fig. 1. Growth curves of control (-——), thiamine-deficient
{-—-), pyridoxine-deficient (-----) and thiamine-
pyridoxine-deficient (..... ) female rats fed by the
vitamine-in-the-dict tochnique. Bach curve is the mean
for theeo animals. Thiamine was given to the deficient
animals from the pointsa marked 72, Small arrows at the
boltom represent supplementary tryptophan in the diet.

vitamins were altered. Growth of the control
animals was now comparable to that fournd for
black-and-white rates by Copping, Crowe & Pond
(1951), who gave their vitamins by stomach tube,
but the net consumption of vitamins on Diet 2 was
much higher than in the experiments of Copping
etal. 1t socined likely that thimmine decomposition
and paible gimilar complications would be less
hikely to avise when using Dr Copping’s technigue,
deaoribed under Diet 3. Growth earves obtained on
suach a regime are shown in Fig. 2. Growth of the
. control animals was more satisfactory than when
tho vitamins were mixed in the diet; morcover,
onco practice had been obtained, administration of
vitamine by stomach tube was quicker and less
troublesome, the animals ecasily becoining ac-

C. E. DALGLIESH

193¢
customed to the procedure. Control animaly o,
regimes having the vitamins mixed in the did
showed e higher excretion of tryptophan me,
bolites after supplernentary tryptophan than dy
animals on a stock diet or those receiving the,

vitamins by stomach Lube, suggosting that in e
former case the vitamin intake was less balanced,
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Fig. 2. Growth curves of control (——), thiamine-deticient
(-=-) and thinmine-pyridoxine.deficient (... .. ) female
rats given vitaming by the stomach-tube techuique.
Each curvo is the mean for five animals, Small arrows st
the bottum represent supplementary tryptophan in the
diet. Animals had to be killed at the point marked }.

The results of feeding tryptophan to the various
groups of animals were the same in all experiments.
At the tryptophan dose level used, the control
animals normally excreted small but detectabl-
quantities of tryptophan wmietabolites. Tryptophan
administration was generally started abont 3 weeks
after initiation of the dietary regime. At this stage
excretion by the thiumine-deficient and contrul
rats was indistinguishable, and the rais deficient in
thiamine and pyridoxine showed a typical pyri-
doxine-deficient excretory pattern. As thiamine
deficiency became established, as shown by th»
growth curves, the small excretion of tryptophan
metabolites by the tryptophan-fed thiamin:
doficient rats ceased. Simultaneously, in the rat=
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deficient in thismine and pyridoxine, excretion of
tho metabolites typieal of pyridoxine deficiency
Aecrensod and, by the time the snimals approsched
their starting weights, motabolite excrvtion wes
«mfived to @ rolatively small output of xenthurenio
acid, However, kynurénine fed at this stage
resubted in a laie output of metabolites typical of
pyridoxine deficioncy. There was no evidence of
formylkynurenine excretion on giving tryptophan
to animals with & simple thiamine deficiency. On
giving thiamine to deficient animals there was a
dramatic growth response, as shown in Fig. 1.
simultanocusly, the typical pyridoxine-deficient
excratory patiorn returned in those animals
previously doubly deficient.

Typical excretory patterns after establishing
both thiumine and pyridoxine deficiencies are
summarized in Table 1. It should be emphusized
that the metabolitos under discussion in this paper
are thoso related to transfornation of tryptophan
into picotinic ackd. All animals, deficient or other-
wise, described in this paper excroted ufier trypto-
phan  administration appreciable amounms of
indolic compounds. The 1najur ones vere trypto-
phan, indican. and {wo spots moving fust in
butanol-acetic acid, the slower moving of which is
consitlered to be principally indole-g-oceturic acid
and the faster moving indoleacetic acid, together
with indole derived from faeca! contaminavion of
the urine. In the biotin-deficiercy experiments, in
which succinylsulphathiazole was fed, the indole-
aceturic acid spot was smaller than in tho other
experiments. The indole—indolesratic acid spot was
leas markedly deercased. .

Beveral diets were tricd in the biotin-dcficiency
experiments. Biotin-deficiont cascin-based diets
with added aureomycin (vitaming mixed in the
diet) gave a slight deficioncy as judged by growth
curves, but the degree of deficioncy was considered
quite inadequate for the investigation. Diels with
egg albumin (containing the biotin antagonist
avidin) as protein source were tried by both the
vitamins-in-the-dict and vitamins.by -stomach tube
techniques. Somewhat greater deficiencies were
obtained, but agmin these were considered in-
adequate. By combining supplementary suceinyl-
su'phathinzole with a diet based on egg albumin,
marked deficientios were obtained radily. These
results contrast with those of Emerson & Wurtz
{1944), who found an egg-albumin dict tn be
adequate to produce a high degree of biotin
Jeficiency, which was not increased by suecinyl-
tulphathiazole. The amounts of succinylsulpha-
thinzole mutabolites excreted were not sufficient to
"terfere with chromatography of the tryptophan
motaboliten. v

Growth curves obtained with the combined egg
albumin-succinylsulphathinzole regime are shown
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in Fig. 3. The biotin.-deficient group showed
sappreciable deflciency (thinming of hair, scale
formation) after 4 weeks, BScaly dermatitis,
‘spebtacle eyes’ and ‘kangaroo gait’ were ap-
psrent by the sixth week and marked after ihe
eighth week. The biotin-deficient rats had lost

300 |-
250 |-
=
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-g‘ /
!
& !
£ I
150 - ,--.."\'1“_’\1‘ /oo

100

50 (X 3 S U N
4 1 | 1 1 1 I 1
0 20 40 60 80
Days cn diet
Fig. 3. Growth. curves of control (——-), hiotin.deficient
(---). and biotin—pyridoxine-deficient (..... ) male

rats fcd on vitamias by the stomach-tube technique.
Each curve is the me.n for three animals. Small arrows
at the bottom repres.nt suppleicentary. tryptophan in
the dict. An animal died at the points marked $.
Biotin was given to the deficient animals from the point:
marked B,

almost all their hair by the 1enth week and st about.
this stage somne ocdema becamne evident, In the
group deficient in biotin and pyridoxine the Josy of
hair was less markcd, but the dermatitis was more
severe and the ayes became completely closed. The:
control group, differing from the biotin-deficient
group only in receiving biotin, grew well through-
out, and the picture was therefore not cumplicated
by any accompanying folic acid deficizney.,
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Table 1. Typical metabolite-cxcreiory patterns after Joading tryptophan to control and vitamin-deficient ,,,,
' Ruteotion represesited by +; metabolites sometimes excreted by +.

Thiamine— Biotin-
) Non- Thiamine- Pyridoxine. pyridoxine-  Biotin-  pyridoxine.
Metabolite deficient deficient deficient deficient deficient deficient
Kynurenine . + - ++ + + 4+
Kynurenine conjugates - - ++ + - + +
Hydroxykynurenine - - + + + - + 4+
Hyd ynurenine conjugates - - ++ 4+ + - +++
Xsathurenio acid (4:8-dihydroxy- + - + 444 + + + 442
quinoline-2.carboxylic acid) .
Anthranilio acid + - - - + -
Anthrandlic acid conjugates + - - - i

Administration of biotin to the deficient animals
causcd & dramatic response in growth (Fig. 3) and
& notioeable growth of hair in the denuded animals
within 24 hr,

Throughout the experiment no appreciable
differences’ could be scen in the tryptophan.
metabolite excretion of biotin-deficiént and control
rats, and at no stage did there appear to be any
chango in the typical pyridoxin-deficient excretory
pattern of the group deficient in biotin and pyri-
doxine. Thesv results are also swnmariged in
Table 1. '

DISCUSSION

Investigations on intermediary raetabolism in the
intact animal can have the advantage over enzymic
techniques thet reactions may be revealed which
sre brought about by enzymes too unstable to
lend themeches readily to in vitro investigations,
and that reaction chains may be deduced from the
occurrence of some intermediate which could not
readily be deduced in an isolated or reconstituted
system. Moreover, cven if the amount and ectivity
of an enzyme in a given organ are known, its
importance in the overall picture may be difficuli. (o
asaces, other than by a study of end products, as the
svailable enzyme cannot be fully efficient unless
provided with the right precursor in the right place
at the right time. Tn vitro and in viro experimonts
are thus complementary, and the remarkable
recent advances in enzymic techniques do not
veduce the need for experiments on the intact
animal.

The approach used in these experiments is
analogous for mammals to the study of deficicnt
mutants in micro-orzanisms, It depends oa the
fanction of many B-vitamins as constituents of
coenzymes. In a deticicney: of such a vitamin an
enzymie reaction for which it provides a coenzyme
may be inhibited. If one reaction in a metabolic
chain is inhibited and a substance prior to it in the
chain is administered to the animal, it is to be
expected that the subetrate of the inhibited
reaction (and/or simple derivatives) may be

excreted. Such an approach has led to uscful
information on the function of pyridoxine (11l
gliosh, 1952) and riboflavin (Charconnet-Hardin
et al. 1953) in tryptophan metabolism. The method,
of course, has limitations. Thus if & vitamin
deficieney results in & definite change in a patterm
of metabolite excretion, definito conclusions may
be drawn. But if there is deficicney, as shown
perhaps by the growth curve, but no change in the
Pattern of metabolite excretion, it cannot be co.
cluded that that vitamin is not concerned in that
metabolic chain. The coenzyme in which the
vitamin participates may be concerned in: many
roactions involving enzymes which have widely
differing afiinitios for the coenzyme. Inadeficieney,
these reactions are not necessarily inhibited to the
same degree. For example, pyridoxal phosphute
is the coenzyme in transamination reactions among
many others, but transamination can be apparently
unaffeeted by a degree of vitamin B;-deficiencey
which would result in marked inhibition of
other vitamin Bg-dependent. enzymes (cf. Snell,
1853). '

An improved technique is deseribed in this paper
which is uscful in certain casés. Tf we have a
metabolic chain and a block occurs at stage b, then

I !
I

D ) e Ny

I !
| 1

a b

excretion of O afier adrainistration of A e
obvious sigriticance, But it is not
justifiable to deduce from an absence of maetabelite
excretion that there is a block at 7. How cver,
blocks at a and b are combined, formation of )
should be inhibited by block a, s0 that the excre-
tion of O previously obeerved with s simple block
at b should no longer occur. Thus the reality of &
block at a can be checked.

noceseanty
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The gemeeal outling of the pathway for conver-

in Fig- & (for sslieohed evidaice ses review by

Dalgliosh, #088¢]. Pyridoxine is oconcernad et the |
sage marhed O ... O (Deigliesh, 1952) and ribo-
flavin probably at the stege marked B ... B

(Charconiset-Harding ef al.  1983). The present
rsults alow that thismine  deficiency inhibite
formation of the subetrate of the pyridoxine-
dependent reastion. It ynuat therefore function in
the conversion. of tryptophan into formylkynure-
nino, stnge A ... A in tho dingeam, or in thoe formn.-
tion of kynurenine fromn formaylkynurvenine. The
latter is inborently less probable and is exeluded by
the absenoe of formylkynurénine excretion by the

THIAMINE AND TRYPTOPHAN METABOLISM

333

study of other pathways by forcing metabolisi to
ooour by alternative routes. There is of oourss no
evidence that thismine deficiency does not aleo
affect thees other pathways, and a complication
may also arise if an inovensed blood x-keto acid level
osuses an abnormal degree of indolepyruvic acid
formation by transsmination.

The results obtained in biotin deficiency strongly
suggest that in the rat biotin does not influence
any. stage in the conversion of tryptophan imo
hydroxykynurenine, The results thux disagrce with
the conclugions. of Shanmuga Sundaran: et al,
(1954) on the funetion of biotin in’ tryptophan
metabolismy in Newroapora, in which they consider
biotiu to be a eofaclor in formylkynurenine forma.

thinmine-deflciont animils, tion. There remains, however, the possibility, con.
TRYPTOPHAN
Y SUPUTURI P e
YORMYLKYNURENINE B
Kynuronie aeld o - : " Xanthurenio acid
and conjugmted ——e KYNURENINE e = Y DROXYKY NURUNINE ——es—s aad cOnjagated
deriyatives of I : ' ; . derivatives of
kynutonine . hydroxykynurenine
; 5
(J’l .............. R 4
i
Anthranilic acid HYDROXYANTHRANILIC several - NICOTINIC
: ACTD - s ACID

stagos

Fig. 4. Outline of the pathway fur conversion of try ]i.tnplmn into nicotinic acid. Intermediates on the main pathway in

small capitals,

. These exporiments thus eatablish that thiamine
influences tryptophan metabolism at stage 4 ... 4,
but they do not show whether or not the effeet is
direct, i.e. whether thiamine is functioning ns part
of an enzyme cofactor. The reaction involved: is
quite different in type from the reactions normaily
considered to be dependent on thiamine, But it is
of somo interest in this connexion that the two
vitamin antagonists oxyvthiamine and neopyrithi.
amine have very different actions, Oxythiamine
inhibite pyruvate decarboxylation without pro-
dueing marked neurclogical changes, whereas neo-.
pyrithinmine prasiugees the neurological syiptoms
without necessarily sflecting pyruvate decarboxy-
lation (Woolley & Merrificld, 1854). This strongly
suggests  participution of thinmine in reactions

other than a-keto weid decarboxylation, normally

congidered to be its pritue funetion.

The inhibition in thimnine deficiency of the first
stage of Lryptophan metabolism by the kynure-
nine--nicotinic acid pathway may assist in the

y-products in ordinary type.

gidered unlikely, thut biotin is part of o coenzyme
which is not readily dissociated from its enzyme in
biotin doficiency in the rut. The Indian workers
based their results ou experiments with a vitamin
antagonist, which iinplies that any such coenzyme
is diasociable in N'enrospora.

SUMMARY

1. The metabolism of tryptoplian has been
studied it rate deficient in (a) thiarmine, (0) thiamim:
and pyridoxine, (v} biotin, and (4) biotin and
pyridoxine, .

2, On imposing a thiamine deficicney on pyri-
doxinc-deficient rats, and feeding supplementary
tryptophan, the metabolite-excretory . pattern
typical of pyridoxine deficiency becomes abolished
or much reduced. Formation of the substrates of
the kynureninase veaction is therefore inhibited.
Kynurenine fed at the same stage results in a
marked metabolite excretion. No formylkjynure.
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nine is excreted on giving tryptophan to rats with
a aimple thiamine deficiency.

3. It is thercfore concluded that thiamine is
concerned in the conversion of tryptophan into
formylkyuurrnine.

4, Similar experimenis combining biotin and
pyridoxine deflciencies suggost that Dbiotin is
unlikely to be eoncerned in any stage in the con-
vergion of tryptophan into hydroxykynurenine.

5. Considerable advauntages were found in giving
vitamins hy stomach-tube rather than by mixing
them in the diet.

1 thank Dr A. M. Copping for her advice, and Mr A.
Asatoor and Miss R. Paul for skilled assistance.
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The rapid development of research on vitamins, aspecially in recent
times, had and continues to play a significant role in the field of onco-
logy. Investigators have for some time searched to deterniine the rela-
tionship between tumors and vitamins, but it is since the discovery in
identification, isolation and synthesis of vitamin factors in a pure state
that research can better define this relationship. If we were to summa-
rize all the literature related to investigations limited vitamin factors to
the influence on carcinogenesis and on the general growth and develop-
ment of tumors, then we do not have to look very far, without coming
back to the same research. Namely we refer back to, p_ast research which
was essentially accomplished by studying the possibility of occurence rate,
the growth rate, and the development of metastasis of fumors in ﬁnimals
subject to diets deficient in one or another vitamin factor. Thus the nega-
tive aspect of the problem was studied; in other words the effect of vita-
min failure on tumors, rather then the positivé aspect, - vitamin action
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on neoplasia was studied. Here it is important to add, that if experiments
were not completed with alimentary diets from the point of view of plastic
and energy source then it was decided to study not the thﬁcien:cj effect

of this or that vitamin factor on tumors, but to investigate the effect of
multiple vitamin deficiencies on the sane neoplasias.

On the other side, when our knowledge on the chemical nature of vita-
mins and on their mechanism was believed to have made a defection action,
it is evident that is was not possible to explain the ultimmte effect. |

To-day these objections are eliminated, for the majority of vitamins
. whose precise chemical nature and active mchahisms are known.

*
% *

Ina series of works, I was involved in the effects on various experimen-
tal vitamin factors caused by 1 : 2 benzopyrene.

It is timely to define once and for all that vitamins generally are not
associated wli:h spontaneous appearances of tumors, but they could even- |
tually effect an already existing tumor in terms of growth speed and in
the capacity to cause metastasis, cachexy and so on...

It is quite true, that japanese authors ( SAIKI) discovered the develop-
ment of neoplasms at the prestomach level in rats, who had been subjected
to unbalanced diets of vitamins, however further researches could not
confirm this fact. Researches of Bisceglie performed on same terms that
only rats held on unbalanced vitamin diets at the prestormch level demon-
strated alterations, which could be only interpretd as precancerous lesions,
which could potentially develop a cancer, but not necessarly so. Taking
into account these concepts, I have proposed to study the action of various
vatamin factors on neoplasia caused experimentally.
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In this note I refer to results of my researches on the vitamin B
( aneurine ) effect on tumors of 1 : 2 benzpyrene.

X
* *

This study seems important to me for the information we now have
on either the action of aneurine machanism or for kindred on respirato-
ry idleness of the neoplastic cells.

Fig. 1.- I: Duration of latency period between the initial treatment
with benzopyrene and the spontaneous development of verrucas and papi-
llomas. - II: Latency period between initial treatment with benzopyrene
and sudden growth of cancer. - III: Intercurrent time period of the sudden
growth of papillomu on their canceration. - IV: Duration of animal survi-
val in the sudden grovﬂ:h of cancer. Hatched columns: control animals.
Black columns: animals treated with B, vitamin ( aneurine ).-Days are
indicated by ordinate lines.

Without lingering on the respiratory idleness, on which RONDONI repea-
tedly insisted that excessive polarized attention is focused on researchers,
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T only recall that the tumor cell, ( perhaps due to its lability) exploits
the energy included in the molecule of glucides only by glycolytic scis-
sion; i. e. there is a notion of erobic glycolyais. of the tumor cell.

On the other side, it is known that the aneurin is involved in the inter-
mediate metabolism of glucides. Precisely in this interme diate metabolism,
after the glycolytic phase, the bodies of 6 atoms of carbon ( esosio= ? )
‘are joined to bodies of three atoms of carbon ( methylglyoxalic lactic
acid) of the aneurin in the cocarboxylase form which is an ester of the
pyropho-phoric acid of aneurin -mlfnharvenes favoring the oxidation of the
pyruvic acid in the acetaldehyde. ]

Finmlly the aneurin, evolves into the oxidative phase of intermediate
exchange of glucides.

If, however, this form of aneurin is so important for the oxidation of
glucides, it is timély to ask: can this vitamin factor increase or facilitate
in any vway the oxidation of glucides, from the neoplastic cell. ? It seems
possible to have a glimpse ot. the interactions between aneurin and tumors.
In anyway in addition to these relations, it is interesting to study the |
effect of a vitamin strait factor ( such as aneurin ) on tumors experime ntally
cansed by benzopyrene. |

Material and technique of invesrigation

For the present research, I umed 40 white rats as experimental animals.
Therwere divided into two groups of 20 animals each.

The animals of both groups were subject to three week drainages at the
level of loins-sacral region with a bengolic solution of 1 : 2 benzpyrene at
1%. Thus the animals simultaneously and for entire duration of the experi -
ment received aneurin of a dose of 0.20 mg. The aneurin applied was from

-4 -



the Firm Bajer ( Betaxin). Animals were then retained and the intercur-
rent latency period was taken into account i.e. between the initial treat-
ment wuth benzpyrene and the spontaneous appearance of neoplasia, speed
of blastoma growth, production of the metastasis and duration of the animal
life.

Research results

The course of neoplasia in the contrbl anomals, treated with
bengzpyrene mb a typical one, and it is known that after an average latency
period of 154 days and after stabilization of the alopecia, there was a
sudden growth of verrucca which transmutated into cancer on the average
of 34 days. Neoplasias occurences follow their normal growth, and general-
ly after 43 days of blastoma appearance, the animal died. As a result of
these animal experiments, it was determined a certain degree of cachexy
which was an evidence of the weight decrease of the same animals. This
decrease was approximately 4.8 gr..

In all of control animals I was never able to evaluate the existence of
macroscopic matastasis during autoptic examinmations.

In view of such behavior in the developing tumors of control anitmals,
the following results have been obtained after treatment with;):itamin B,:

As far as intercurrent latency period is concerned it waspthe average
123 (hys between the b_eginning of treatment and sudden appearance of verrucas.
This time period is shorter than that of control animals. The cancer of
such animals was observed on the average 46.5 days after the appearance
of the verrucas. This shows that canceration in animals treated with a By
vitamin, occurs in a longer time ped od than in uncontrolled anomals.
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For the later cases the intercurreat period between verrucas appearance
and papilloma s and of cancer beginning was on the average 34 days.

Calculating, lmmr, the latency period between the'beginning of treat-
ment with benzpyrene and the appearance of tumors, it ﬁau observed that
in control animals the time period was on the average 188 days, but in
animals treated with vitamin By was on the average 169.5‘days, and that
animal survival after the appearance of the cancer was 35 days.

The numbers, however, show that if the latency period for sudden
appearance of verrucas and papillomas appearance is reduced, then the
necessary time period is increased because papillomas are transforming
into cancer. This result obtained by me is in agreement with MAISIN,
POURBEAIX and CAMERMAN.

The animal survival duration was shorter than that of control animals.
Infact, for rats undergoing vitamin B, treatment, the survival duration
}was on the average 207 days, and for control animals was 231 days.

The faster elapse of the neoplasia of animals treated with B1 vitamin
does not affect the general condition of the organism; the weight decrease
of treated animals was nearly equal to that of the control animals.

It was not possible to evaluate the presence of the metastasis during

aﬁtq:tic examination even on treated animals.

SUMM ARY |
After having considered the relations between vatamins and tumors
and indicated the action mechanism of B, vatamin ( aneurin), the author
miatec upon the remiits of researches he executed on the action of 131
vitamin upon the developing and course of tumors, which were experimen-
tally obtained with benzopyrene. _ o _ '
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After these researches, he found that the B, vitamin:( aseurine )
gets a shortening of the latent period between beginning of the benzapyre-
ne treatment and apparition of warts and papillones, 'wp_ﬂe’ it gets a pro-
lnngatipn of tlw time which is necessary for the papllléma cancerization.
Moreover, the treatment with B1 vimamin gets a shOrhéniné of the sur-
vival of animals. |

The cachexy following the neoplasia and the formation of macroscopi-

cal metastasis do not seem to be influenced by the aneurine.
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Ricerche sull’azione dei futtori vituminiei,
sui tumori sperimentali da 1:2 Lenzopirene.
1° L’azione della vitamina I3, (a:curing) sui hlastoni.

v . (CON UN CrAFICO)

'ror. ALFIO DI GRAZIA
AU IO AOLONTARIO

Il rapide svolgersi, speeie in qresti altimi tempi delle riceschs
-wlle vitamine ha avato e continna maturalmente ad avire il suo n-
fesso in oncologia. Nuu sonu, come & nota, di ogei, le indagini ten.
denti a ebdarire i vapporti tra tomori ¢ vitemine, ma sono & st
altimi tempi (dopo la scoperta dei Tattori vitaminici aflo stato poro
o alla realizeazione della loro sintesi) l¢ ticerehe che meglio tendone
v definive le relazioni tra vitamine ¢ tiori, Se si volecse qui riassu.
meve tutta la letteratura vignardante de indagini segnite per chiarire
s e ddemtro quali lmiti @ fattori vitmwinici haono influenza non salo
per la caneerogenesi i bensi anchie per T crescita e lo svituppo dei
tumori, dovremmo andare molio per e bmghe, ma senza rifarei alla
ormai estesa letleratura, & qui appottung aveertive che in passato
adi ricerche exsenzialmente si venivano compicndo studiando Ta possi-
hilith i dneovgeaza, la veloeitd di acerescinento, la Cormazione di
metastasi, ceeo dioanimali conoposti a egimi alisnentari carenzati in
guesto o quei lattore vitivico, 8i <tnliava cosi il Lo negativo, pee
corh dive, del problemag Finfluenza cioe della mancanza Jdi vitamine

U tamori, ma ron il Lo po-itive, azione ciod defle vitamine sulle
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neoplasie. A cid bizogna aggiungere poi che e gli esperimenti noy
erano compinti con dicte alimeutari complete dal punto di viva pla.
stice ed <nergetivo i veniva a studiare in definitiva nunll'inﬂm'nm
della deficienza di questo o quel Tattore vitaminico ~ui tuori wa
bensi +i indagavano in definitiva Finfluenza di carenze multiple syl
neoplasie stesse,

Daltra parte »ino a quando le no-tre convzeenze -nlla natura ohi-
mica delle vitamine ¢ «ul loro meccanismo di uzione hauno Tang di.
fetto & evidente che non era possibile poter spicgare 'eventuale of.
fetto con-tatato.

Oygi queste obirzioni sonoe climinate in quanto che & pud dire

che per la maggioranza delle sitamine noi conosciamo la loro preci-a

natura chimica ed i} loro meccanismo di azione,

*
* &

In una serie di Lavord jo mi sono venato oecupando dellaziine

dei diver<j fattovic Vit 1 iniei ~ud tumori sperimentali- provocati a

- 1:2 henropirene,
I

E® qui ¢ppurtuno I finive una vohu per sempre ohe ormai & »i-
curo che le vikoning in zenere von banno importanza per fa inwou
genza dei tumoric ma bensd possone eventuslmente influenzare un tu-
more gia insurlo i per cim-l che vignarda laveloeitd di Seerescimenio
che la capacita Qi dare wmetastasic cachessia ¢ via diccorrendn,

E* bensd vero che antori giapponesi (Sunt) amunziarone di ave-
ve attenute a livelo del prestoniaco dei ratti wiluppo di neoplasmi
sottopoucndo questi animali’ a dicte ~quitibrate in vitamine, ma ri-
cerche suecessive nan linno putute eonfermare questo fatto, E ricer.
che di Bisceglie compiute nello desso senso misero caltanto in rilivve
a livelly del prestomaco dei ratti tenuti a diete squilibrate in vita-
mine, alterazioni che potevano escere interpretate solo come lesioni
precancerose, come lesioni viod dalle guali pud sorgere wia nen ne-
cossartimente sorge s cgners, Tenendo presente questi coneelti o
mi sono praposto di studiare Vazione di diversi fattori vitaminici s

decorso di neaplasie sperimentalimente provecate,
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*
L3 ]

Nella presente nota rviferiseo i cienltati delie mie ricerche suhla
influcnza della vitwmine B, (uncurina) sui tumori da 1:2 henzopirene,
Un tale studio a me & sembrato importante per I nozioni che

oggi si posicdono sia sul meccanismo di azione defla ancurina, sia

Figura 1.« 1: Purata di latenza tra imizie del trattaments con benzopirene od
ncorgenza di verrnchie e papillomi, - 1z Periodo di latenza tra inizio el tranta.
‘aento con benzopirene id dusorgenza del canera. - 1 Periode i temipo intee-
corcente dullo insorgenza dei papillomi alla cancerizzazione di queti uhimi. .«
IV: Durata i coprasvivenza degli animali dalla in-orgenza del canero, - Colinne
teatteggiate s animali controllo < Colonne neee: animai trattati v Vitamina B,
vaneuring) - Solla linea delle ordinate § giorni,

per le cagnizioni sulla pigrizia respiratoria delle eelule neoplastiche.

ria |‘x‘~|t'|r;|luria, aoeni conse l'ipl'lll-

Senza fermarmi su tale pigr
tamente ha insistito Roxpoxt si @ in maniera ecvessiva polovizzata la

attenzione degli studiosi, ricordo solo che Yl ecllila tumorale, (forse

i grazin della sua labilita) stratta Peawergia racehivsa nella molecola
] &
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dei glucidi solamente per via di seivcione glicolitica: <1 ha ciod h
nota glicolisi acrobica della’ cellula tumorale.

D'altra parte. come & noto. Pancurina ingrana uel metabolizmo
inmermedio dei glucildi, E precizamente in tale metaboli-mo interme.
dio. dopé la fa=r glicolitica per cui da corpi a 6 atomi di carbonio
(csosio) si giunge a corpi a tre atomi i carbonio (acido lattico meil.
gliossale) I'aneurina -otto forma di vururho.--il_asi vhe & Pestere del-
Tacide pirofosforico dell*ancurina) interviene favorendo la o-sidazione
dell’acido pirwvico in acetaldeide.

In definitiva quindi Panenrina, ingrana precisamente aella fase
ossidativa del ricambio intermedio dei glueidi.

Se dunque in tal modo Fanearina ha una < alta importanza nel-
Iossidazione dei glucidi & levito domandarsi: puo questo fartore vita-
minico inerementare o comunque agevolare Vossidazione dei glueidi,
da purte della cellula .« plastica? Come appare & possibile intrave.
dere interazioni tra ancurina ¢ tumori. Tn ogni modo a parte tali rap-
porti or ora prospettati ni @ parso imteresante studiare |'inﬂ|‘u-|m| di
un fattore vitaminico o ro (gquale ancorina) <ui tumeori sperimen-

talments provocati con "2 benzopirene,

Materiale ¢ tecnica di studio

Per e ) resenti ricerche mi sonn servito come animali da espe-
vimento di mowero 1 opi bianehi, i quali <ono <tati divisi in du- loni
di 20 animali viaseuno,

Gli animali di ambedue i 1ot sono <tati ~ottoposti a <gocciola- .
wento trisettimanale a livelo della regione lonbo-caceale di <oluzione
benzolica di 1:2 benzopiveae all’) ~L Quindi un lotto di anivsali ha
ticevuto contemporaneamente o geer tta la durata dellesperimento
ancurina nell oo di mg 020, Llaneuring adoperata ¢ <tata quella
della casa Bajer (Betasind, Gli animali sono tati quindi seguiti ¢ =i
¢ tenuto conte del periodo b latenza imercorvremte tra inizio del trat-
tamente col benzopirene ¢ Pinsorgenza della aeoplasia, velocita di ae-
“reseimente del blastoma. produzione di metastasi, dorata i vita del-

Fanimale,
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Risultati dolle ricerche

Il deeors delle neoplasie negli animali controllo, trattati cioé
con solo henzopirene & «ato quello tipivo e lien noto e ciod dopo un
perivdo i Yatenza in media di 131 giomi ¢ dopo lo stabilicsi deHa
nota alopecia -i & avito inorgenza di verrache che in media dopo 34
giorni = tramutavanoe in canero, Le neoplasie insorie sepuivine il loro
normale acere-cim nto ¢ in genere dopo 13 ziorni dell'insorgenza del
hlastoma Fanimale veniva a morte, A carieo di questi animali era
dato di constatare un certo grado di cache<sia che tra altro era testi-
moniato dalla diminuizione del pe-o deghi animali stessic Tale dimid.
nuizione infattd, ~si aggirava in modia intorne a g 1.8, ‘

In wtti gli animali controlle all’esame autoptico non mi ¢ ~tato

dato mai apprezzare Pesistenza di metastasi macroscopiche,

Di frome ad nn tale comportamento dei tumori sviluppatesi negli
animali comroto, si & avato negli animali trattati con vitomina B, il
ltato:

Per que? che viguarda il periodo i Intenza intercoreeme tra ini-

seguente risu

zio del trattamento ed insorgenza di verruche questo & ~tato in media
Ji 123 giorni. di un periodo di tempo ciod inferiore a quello degli ani-
mali controllo. I canera intali animali < & seeificato pers dopo gior.
i 165 inowedia dalla insorgenza di vervnche, Cio dimostea che ta
cancerizzazione negli aimali trattati con vitonina B, 0 realizea in
un periodo di tempo maggiore ehe non nei comrollic In questi whimi

wa di vereache ¢ di papil-

infatti i1 pertode inmtercorrente tra in-ory
Tomi e wiseita del cancro & ~tato in wmedia B 31 giorni,

Caleolando perd il tempo di latenza trainizio del trattamento con
henzopirene ed insorgenza dei tumori i ¢ constatato che mentre negh
anitmali controtlo tale peviodo & ~ate in media di 188 giorni. negli
animali trattati imvece con vitaming B, eso & staio in media di giorni
169.5 ¢ la sopravvivenza deghi animali dalla insorgenza del canero &

stata di 35 glorni,

Appare dunque dalle cifre riportat: che se il periodo di latenza

per Pinsorgenza di verruche e papillomi & raccorciate, risulta lnvece

aumentate il periedo di trmpo necessario perehé i papilloni si trasfor-

7 - Patol.
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mino in eancro. Que-t"ultinio ri-ullaio da mie con-eguito »i accorda con
quante hanno visto MAU=IN, PoURBEAN ¢ CAMFRMAN,

Per quel che riguarda la durita di sopravvivenza degli animali,
que-ta & ~lata pite breve di quella degli animali contiollo, Tnfay,
mentre nei topi soltoposti a trattumento con vitamina B, la durvinty
defla sopraviivenza & <tata 207 giorni in media, negli animali can-
trollo inveve essa & oata di 231 giorni. Qusste piie rapido decorrere
della neoplacia negli animali trattati con vitaminag B non ha perd
influito in maniera rilesante «ulle eondizioni generali dellorganioma
tanto che la diminuizione di pe-o degli animali tratitati & <lata pres-g
a poco uguale a quellu degli animali di comrollo,

Anche negli animali trattati non & stato dato apprezzare all’esame

auloptice presenza di metastasi.

RIASSUNTO

Dopo alvune cinsd crazioni soi rapporti fra vitimine » tumori «d
alennd Wrevi cenni sa! 1 eveanistae di azione defla vitimina 8, {aneu-
rina) vengeno rileriti | cisultati di ricecehe sull%azione della vitamina
B, su'le wviluppo e sivorso dei tumori specimentalimente provocati
con henzopirene,

Da tali ricerche ¢ disultato che la viteminag By (ancarina) accos-
cia #l periodo di latenza decoreente fra inizio del trattamento con
benzopirene ed insorgenza di vevruehe ¢ papithani meotre anmenta
periodo di teapo necessario per L cancerizzasione dej papillomi. Tnol-
te il trattamento con vitanina B, aceorcia la durata di sopraveisenza
degli animali. . »

Lo stato cachettico indotta dalla neoplasia nonchis la formazione
di metastasi macroscopiche non sembra vengono influenzate dalla
ancurina,

ZUSAMMENFARSUNG

Nach ecinigen Beobachtungen uwehier die Verléilinisse  zwischen
Vitauine und Gesehwiidete, und nach cinem Kurzen Bericht ueher den
Wirkungsmechanismus des B-Vitamins  (Ancurins), werden die Fr-
gebnisse von Untersuchungen ueber lie Wirkung des B Vitamins auf
die Emwichlung und den Verlauf der mit Benzopyren experimentetl
errengten Gesehiviilae angefithet,

Ee wurde dabiei beobachier, dase dae B -Vitamin { Ancarin) fi-
latenzzeit zwischen dem Beginn dee Benzapy cenbelundlung umd der
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Entstehumg von Warzen und Papillomen verkiivet, wihrend os die fiir
dic Kuncerisation der Papillime nittige Zeit verfiingert. Ferner ver
kiirat die Behandlung mit B,-Viamin  die  Urberlebungsdaner der
Tiere,

Die dwrch die Neoplasie erseugte Kaclievie wnd die Bildung ma-
kro-kopischer Mctastasen schicinen vom Ancurin nicht Lecinflusst zu
werden,

RESUME

Aprés quelques considérations <ur les rapports entre vitamines ct
tumeurs, et apres quelgues indications sur le mécanisme d'action
de la vitamine B, (ancurine), UAL reporte les aéaultats de recherches
qu'il a exéevitées sur Paction que la vituwine B a sur Ie développe.
ment ¢t le vours ey tumeurs provogquies pae voie expérimentelle
moyemnant le henzopyrine,

Ces recherches ont abémentré que la vitonive By (anecurine) ré.
duit la péricde de lence entre conmencement du traitement avee
le henzopy réne et apparition de vereues et de papillomes, tandis que
vHe prolange Yo temips névessaire pour la cancérisation des papillomes;
de plus, e traitement moyennant Ja vitamine By reduic la durée de
survie des animanx,

L'éat de cachéxie provoqud par la néopladie et Ta formation de
metastases macvo-copigques e semblent pas étre influeneés par 1a.
neurine,

SUMMARY

After having considered the relations betwern vitamines and tu-
mours and indicated the action meehanism of Bvitamine (aneurine),
the A, relates upon the reaalis of researches hie exceuted on the action
of Baitamine upon the deseloping and course of tmour-, which
were oxperimentally wot with benzopyrene,

Afer these vescarches, he found that the B,-vitamine (ancurine)
gels a shortening of the Litemt period between beginning of the ben-
zupyrene tredment ad apparition of warte and papillomes, while it

gets a prolangation of the dme which is necessary for the papillome

cancerisation. Morcover, the treatmemt with By-vitamine gets a shor.
tening of the smvival of animals,

The cachesy following the neoplasia and the formation of macro-
seopival metastazis do not serm o e influenced by the ancurine.
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Effects of Thiamine on the Growth of Sponfaneous'Tumors in Mice.

Dobrovolskaia-Zavadskaia, N.

The oxidation of glucides by normal cells in an organism finally
results In the transportation of these glucides into CO2 and H,0, which
are eliminated by respiration. According to Llebig (1847), Araki (1891)
and Zillesen (1891), the normal cells of the body do not secrete lactic
acid when oxygen is cut off from them. For example, embryonic tissue
is able to live for a certain time in these conditions, deriving its
energy from the breakdown of glucose into lactic acid (C H120 =2C_H_0_),
as the "Mucor mucedo" of Pasteur: fermentation is ceasell upoﬁ frénéf?ion
from anaerobiosis to aerobiosis. Warburg (1926) objects to the
respiration of glycolysis -~ reaction of the molecular scission of
sugar - and finds that the latter took place in all of the varied
cancerous cells, not only in anaerobic conditions but equally in aerobic
live; the respiration continuing to be an Insufficient source of energy.

The primordial role of vitamin Bl In the assimilation and the
metabol ism of glucides Is already known. Help from this product has been
interposed on cancer growth studies: Nakahara, Mor! and Fujiwara (1939)
have tried to prevent the appearance of |iver tumors by azolc substances.
The result has been questionable: 52.4% of hepatic cancers compared to
50-100% of cancers in the control group. Partial Inhibition of cancers
to benzopyrene was obtained in a portion of mice treated preventatively
with vitamin B{ (28.5% instead of 55.1% in the control series) by Malisin,
Pourbaix, and Camerman (1939). No differences were observed by
Gordonoff and Ludwig (1938) in the growth of tumors provoked by methyl-
cholanthrene in two groups of mice - one put on a diet poor in Vitamin
B and the other rich in vitamin B.

The Influence of vitamin B! on the spontaneous growth of tumors
was analyzed: 19 mice with 34 mammary adenocarc!nomas have been
‘subjected to subcutaneous injections of thiamine (0.2-0.3%), each time
freshly prepared. The daily dose of 0.4-0.6 and up to 1 mg. (given
to 3 mice for more than 1 month) was tolerated. The tumors were
measured periodically in two dimensions and the quantity of growth was
calculated by the same method used in an analagous study on vitamin C.

Some detalls on the results obtalined are: the rate of growth,
checked before the beginning of treatment for 28 +umors fluctuated
between 0.08 and 0.75 giving an average of 0.34 (for total of 181
days of observation). This constant is lowered in the period immediately
following the beginning of treatment to 0.12 (individual fluctuations of
0.2 to 0.4). The average calculated on 1000 days of observation In 25
cases and the constant average of 0.23 (140 days of observation) did not
reach the before treatment average.



The decrease in the raplidness of growth progressed until it
changes into a regression In 15 cases (53.6%). Subsequent increase in
the raplidness of growth was only proven in 4 cases with a constant
average of 0.15 (for 118 days of observation) and variations of 0.05
and 0.23. Three localizations on two mice developed during the course
of treatment. The majority of the mice (13) were treated until their
natural death. But the treatment of 6 mice with 13 tumors was
interrupted: 6 of these tumors continued thelr evolution without
an acceleration in growth; 4 kept on growing; and 3 new localizations
appeared after the discontinuation of treatment. The length of this
period without treatment varied for each mouse from 19 to 52 days.

The survival of the treated animals from the moment of the tumor
diagnosis until their natural death indicates that: one single mouse
died during the course of the first month (24 days); 8 died during the
second month (47 days of the average survival time; and 10 (52.7%) died
- later (64 to 104 days in an average survival time of 86.5 days). |If the
results of the control series are compared, it would be seen that only
about 20% of the animals not treated survived more than 2 months.

Finally, the subcutaneous injections of vitamin B1 to the cancerous
mice has clearly decreased the rapidness of growth of thelr tumors and
has increased the average survival period of these animals. In the
course of treatment, the stimulus effect on growth is shown to be very
little. On the other hand, the interruption of aneurine injections was
followed by a recurrance of growth and the appearance of new localiza-
tlons in half the cases. |In spite of the prolonged survival period, the
tumors which were progressively getting bigger did not reach, in general,
the considerable proportions they often did in the untreated mice.

The verifications indicate, perhaps, that vitamin B! does interfere in
the glucidic metabolism of the tumors. The acid aneurine-pyrophosphoric
would be, according to Lohmann, identical to the CO-carboxylase.
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MENTAL TUMORS TOR VARIOUS THIAMINE ALLOWANCES IN THE ORGANISM

T. Vo D'yachkova, Ye, M, Shamaveva, G, N, P’latonova, and V, B,

Spirichev
Nutrition Tnstitute, Academy of Medical Sciences, nackly Inntitute of
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Moscow

In the literature there is information on phenomena of thiamine
deficiency in patients with malignant neoplaams and on attempts to
correct this deficinecy with a supplementary assignment of thiamine
(1-6)., In this connection, the question of the effect of different
thiamine allowances in the organism on metabolism in tumors
and on their growth acquires an essential significance, Infortunately,
the data in the literature mainly concern the second part of the
problem, and the metabolic state in tumors for different thiamine
allowances in the organism remains incompletely exnlained., Tn
perticular, data are lacking on the effect of the factor indicated
on thiamine content and the activity of the thiamine-dependent
enzyme tpameketolase in tumors and other tissues in the host.

Tnformation on the effect of insufficient or excess thiamine
input on malignant grewth is sparse and contradictory. It is
knewn (7-9) that completely depriving animals of thismine retards
tumor grewth, Vowever a similar situation may hardlv correspond to
clinical conditions, Of great interest by far would be information
on tumor growth under subnormal conditions of thiamine allowance,
which do not cause severe B -avitaminosis,

Vhat concerns supplemsntary thiamine administration, is,
according to the data of some authors, that an excess of thiamine
neither affects tumor growth (10-15) nor retards it (8, 15-17, 18),
According to the data of other authors, thiamine administration
stimulates malignant growth (7, 11, 19-21),

In connection with the insufficient study of the questions
indicated, we set ourselves the problem of studying in more detail
the sffect of different thiamine allowances in experimental animals
on thiamine content and the activity of transketolase in tumors and
other tumor-bearing animal tissues, as well as on the growth of a
tranesplanted tumor, for which we chose sarcoma 298 in mice. An
analogous study was conducted with La hemocytoblastosis (acute
leucosis).

Two series of experiments were conducted. In Series i},
the effect of an insufficient and subnormal thiamine allowance was
studied, in Series 2, the effect of excess dosages of this vitamin,
The experiments were conducted on mice of the C5 B1/6 strain.

In the course of all the experiments, the Znimals received
a svnthetic ration of the following composition: casein, washed
of vitaming- 18%, conrstarch - 8%, sunflower oil - 10°%, salt
mixture, ngWe Tones and Foster (2°) - 4%, The fat and water-
soluble vitamin content in 1 kg of the ration was vitamin A -~ 1000
I.U., vitamin D = 1000 I.U,, vitamin E - 60 mg, vitamin K (vicasol) =~
1 mg, vitamin B, - S mp, vitamin B, - 5 mg, nicotinamide -15 me,

o caleium pantogo%ste - 30 mg, folic acid = 1 mg, biotin - 0.2 mge,
and cholinechloride « 1500 mg,

“hismine was administered daily to animsls intraperitoneally



2

in » nhysiological solution. In the first series of experiments,

the animals received 0.5 and 1 ,g (insufficient allowance), 5 ug
(subnormal sllowance), and 10 &g (normal allowance) of thiamine per
day. In the second series tha dosages of thiamine were 10, 100,

and 200 per day. In choosing 10 a day as the renuired dorare
of thiamine for mice, we were guided by data from the 1it-rature
(22-25), as vell as by the results of our own rreliminary exparimentn,
in which it waa establimhed that this domnge suarantesd optimum
growth rate in animals with optimum thiamine concentration and trans-
ketolase activity in their tissues, The mice were rlaced on the syn-
thetic Aiet and received the thiemine dosages indiecated above for

17 dayq,up‘until the transplantation of sarcoma 298 or la hemocyto-
blastosis and then during the entire next period of the experiment,
On the day of transplantation, rart of the animals were killed in
order to determine thiamine concentration and transketolase activity
in their tissues. The remaining animals were killed after they had
developed malignsnt neoplasms: two=-three weeks after sarcoma trans-
plantrtion and six days after Ta hemocytoblastosis transplantation.

The percentage of tumor prowth jnhibition in the animals was
the criterion for the effect of different thiamine allowances in
sarcoma growth, calculated from tumor weight at the end of the exper-
iment, and the length of life in the animals was the criterion for
T.e hemocytoblastosis,

The over-all thiamine concentration in animal tissues was
Jetermined by the modified fluorometric method of Haugen (26, 27).

The welghed portion of the tissue (150-500 mg) was homogeniged
in 5 ml of 5% trichloroacetic acid (TCA) solution and centrifured,
and the sediment was washed twice in 5% TCA solution. The joint
extract, to which 9 TCA solution was added to meake a 25-ml1 volume,
was neutraliged to a pH of 4,5-5,0 with the addition of 5 ml of 2M
sodium acetate solution and was {ncubated for 15-17 hours at 37
with an extract of the ensyme preparation Aspergillus arizae in order
to free the thiamine from its vhosphoric asters,

Five ml of the solution ohtained was added by pipette to a
f1ask contsining 3 ml of freshly prepsred potassium ferricyanide
solution (4 ml of 1% K,Fe(CN), solution snd 15°. NaOH solution, to
make 100 ml), and was thoroughly mixed for 90 sec. The reaction was
ended with the sddition of ? drops of hydrogen preroxide (experimental
samples). The control samples were first treated with benzosulfo-~
chloride in an mlkaline medium (6 drops of 40% NaCH and 1 drop of
bengosulfochloride) to destroy the thiamine, Thiochrome was ex-
tr-cted in 10 ml of isobutyvl alcohol and its fluoroscein content wns
determined on an FF=3M fluorometer with an FKe~1l first filter and »
B1-2 second filter,

Thismine content in the tissues was esloulated using a calib-
rated curve constructed for standard thiamine solutions. ’

Transketolase rctivity in the animal tissues vas determined
from the rate of formation of sedoheptulose-7-phosphate (8=7=P)
in the incubation of tissue hemogenates with ribvose~S-phosnhate
(R-5-P) according to the method of Bruns et al. (28). We modified
this method somewhat in relation to diluting the homogenate of the
tumor tissue, liver, snrleen, and mouse muscle. The optimum homo-
genate dilution for the tumor was found to be 1:300, for the spleen
1:600, and for skeletal muscle 1:20 using a veronal acetate buffer

of oH 7,6. A blood hemolyzate was taken in a 1710 dilution.




1 m1 of tissue homogenate or blood hemolveate was incub-
ated for 30 end 45 min, respectively, with 0,5 ml of #.01 M
ribose-~5-phosphate solution in a 0.01 M veronal acetate buffer
solution of pH 7.6, The reaction was ended with the addition of
an equal volume of 10% TCA solution. The control solutions were
ineubated without R-5-F, which was added to the samples after protein
sedimentation with TCA, After protein sedimentation by centrifuging,
2 ml of the centrifugate was heated for 80 min with O.4 ml of con-
centrated HC1l in a boiling water bath, Tnto the cooled samnles
was poured O,4 ml of FeCl, in a 2N molution of HC1l and 0.2 ml of a
freshly prepared solution of orcein in alechol. The contents of
the test tubes were energetically mixed and the samples heated in a
boiling water bath apain for 3 min. After cooling, 3 ml of 96%
slcohol was added to the samples, They were kent in darkness for
b hr and were photometrically analyzed on an SF-4 at 630
against water., Transketolase activity in the tissues was”calcul-
nted 1q/umolas of generating sedoheptulose-7-phosphate in 1 g of
tissue 4n 1 hr, and in blood 1 g of hemoglobin in 1 hr,

In the figure are presented weight curves for the animals
which received normal, subnormal, and insufficient thiamine doses.
The arrow indicates the day sarcoma 298 was transplanted into them,
Data on thiamine concentration and transketolase activity in the
tissues of intact animals which received different dosages of thiamine
are presented in Teble 1 for the day of tranaplantation of sarcoma
298, As is evident from these data, a state of B -avitaminosis
ha developed at the time of transplantation of sarcoma 298 in the
animals which received insufficient doses of thiamine (0.5 and 1.0

/¢g a day): their weight began to decrease; transketolase activity
in the blood and liver, as well as thiamine concentration in the
liver, was significantly decreased. The animals collapsed on the
27th and 30th days of the experiment, ‘

A sherp decresse in thimmine yield in the organism, causing a
state of severe B, -avitaminosis in the animals, significantly dle-
creased the survival of sarcoma 298 and pracfically completely
suppressed the growth of the transplant tumors (see Table 1), A
similar inhibition of malignant tumor growth with thiamine deficiency
wae noted by other authors (7, 8, 29).

2] ‘. In animals which received lower
] /~J, Aomes of thiamine, transketolsse activity

20 'in tumor tissues was lowered by 2 times
18] in comparison with transketolase activity
/6 in sarcoma of the control animals, The

decrease in transketolase activity occur-
red as well in other tissues of the tumor-
bearing animals, in the blood and liver.
"hiamine concentration in the liver of
iz these animals was lowered 4,5-7 times,
ZE DTS % 3l which confirms » state of severe B1- _
Fig. 1. Wéight of animals avitaminosis (see Table 1), Sunpressien
which received insufficient of maligment growth in similar situations
thiamine doses., Abscissa: is rather hard to internret, since this
day of experiment, ordinate: sunrression may be caused not onlv by the
rrrrrrr ) weight (in g). 1) for 0,5'8 re;eaae of thismine-denendent anzvmes,
thiamine given to mouse per but also by such nonspecific factors as
day; 2) 1. g 3) Sag: L) 10 malnutrition and worsening of the peneral

L (phys{ological requirement),
Arrow indicates day of sarcoma
298 transplantation,
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at~te of the animals, and various secondary Aisturbances which devel-
oped with the B1-nvitam1nosis.
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Table 1, Fffect of NDifferent Thiamine Allowances for the Mouse
Organism on Growth of Sarcoma 208 and Riochemicel Tndicer Associated

with Thismine Mstab 1*?,:"%.r"ﬂ€‘f&°'i%m(m/z)

Tndex Studied 0.5 (1) 1 (D 5 (11 10 (1\
Animal weight (in g) 9,72:0,1 l 12,0+0,3 18,32 0.5 18.8+0,6
‘ P, ;-1<0,00! - ,
Tumor weight (in g) " 0,086-0/008 | 0,164=0,030 3,0:6).'2” '|‘<0 b 0.2
Transkeiolase activity
(in moles of S=7-P
for 1 g dried tissue
per hr)
in the tumor '
45}.’0t7£0 0!)_ 57}.)0:5.0 oo 6;.0:4,0 I 109.0=9,0
- . < - . 3 > - » 0
in the liver B N L Rt L AP
: _ Pro-tn>005
Transketolase amctivity - 585 e
in blood (in s moles
of S=7-P for 1 g H® i
ner hr) Pry-111> 0,05
Thisamine concentration
(in ug for 1 g Adried
tissue)
tn the rumor oitor | oimer | SR LENE
v::. .:‘:, R ity t R 5.‘:.8
111 thp liV.r Pi\"lll>0v03

e a—

In this connection, of very great inte-est are the results obtained
from the study of sarcoma 290R development under conditions of sub-
normal thismmine allowance in a %7ng dose per mouse mer day, The
animels which received this dose”’of thiamine did not atarve, their
weight did not differ from the weight of the copntrol animals which
received an ontimum dose of thiamine (10 ')'A ansketolase activity
in the blood and liver remained at a normal level, At the same time,
thiamine concentration in the tissues of the sarcoma 298 was lower-
ed by 3 times, and transketolase activity by 0%, in comparison with
the control ~nimals, which received a physiologically normal dose

of thiamine,

This deficiency of thiamine casued an inhibitien tn the growth
of malignAant tumors by 35° (see Table 1),

Tnhibition of sarcoma 298 growth in animals which received a
subnormal dose of thiamine was annarintly caused specifically by
shianins deftelonay and & decrease in the activity of thiamine-de-
pendent engymes in the tumor tissue. The data obtained indicate
that under conditions of subnormal thiamine allowance in the organiam,
the tumor suffers from its limited intake to a far pgreater degree
than normal tissues of the tumor -bearing animals and the organism
as a whole., This selectivity mav be determined by the fact that the
tumor grows vigorously and therefore depends much more on thiamine
intake than do slowly growing tissues. '



In comtrast with the solid tumors, La hemocytoblastosis
(acute leucosis) prove to be practically insensitive to thiamine
deficiency. In snimals which received 1 g of thiamine daily (which
corresponds to only 1/10 of their requirements for this vitamin)
over /] days up until leucosis transplantation, the development of
hemocytoblastosis nroceeded intensively and the length of life was
the same as in the control animals (7 days)., Thiamine concentration
in the liver of these animals was lowered by more than 3 times, and
the transketolase activity dy 40%, which indicates a state of signi-
ficant B -avitaminosis. In the leucosi¢ ~animals, transketolase
activity in the blood was 2 times higher in the blood of the healthy
animals which received the same thiamine dose. This is evidently
sssocisted with a sharp increase in the number of immature leuco-
_cytes in the blood.

The absence of a thiamine-deficiency effect on the development
of La hemocytoblastosis apparently indicates some sort of neculiar-
ities in leucosi® cell metabolism, which make them more indenendent
of thiamine intaske from outside,

In order to answer the question of what sort of effect is
exerted on the metsbolism and growth of.tnmora by the introduction
into the organism of excess doses of theamine, whieh exceed the
normal physiological requirements for this vitamin, 100 or 200
of thismine a day were supplementarily administered to the animals,
The control animals received 10 mg of thiamine,

Biochemical studies indicated that the activity of transketolase
and thiamine concentration in the tissues of the animals in the
control and experimental groups were normal and did not increase
under the influence of the suprlementary thiamine dose., /dministra-
tion of excess doses of thiamine did not exert a substantial in-
fluence on the growth of sarcoma 298 in the described series of
experiments, in comparison with the animals which received thiamine
within the bounds of their nhysiological requirements. The weight
of the tumor in animals which received 100 4g of thiamine per day
was eaual to 3.8 + or - 0.2 g, for 200 g, 4.3 + or - 0.2 g, and
for the control animals 4,6 + or - 0.2 g. Transketolase activity
as well as thisamine concentration in the tumors in animals which
received excess doses of thiamine did not differ either from these
indices in the control animals (Table 2), This confirms that a low
thiamine concentration in tumor tissue is not a consequence of in-
sufficient thiamine intake in the animal organisms, but is a» charact-
eristic oroverty of tumor tissue, and is enitrely adequate to
guarantee a high transketolase activity.

The administration of ecess Adoses of thiamine did not exert
any sort of influence on the develonment of Lo hemocvtoblartoris
either.

The lenrth of time the animals lived in =11 the proups was
the same, 7 days,

Other researchers have ohserved the sbsence of an effect of
excess thfamine dose on the growth of malignant tumors as well
(9-11, 13, 15, 20), However, there are data in the literature on the
stimulatory effect of thiarine on the growth of malipnant tumors
(7, 19=-21, 29),



Table 2, Fffect of Fxceasr Noses of Thiamine on iinrecona 29§
Growth and Biochemical Indicen Asscciated with Thiamine Metaholiam

Index Studied Thismine Dosre per Mouse vner Nay (in ur)
10 (1) Normel 100 (11) Eveond 200 (11D !nw_t'.s

Animal weight (in g) 18 8:&
Tumor weight (in g) 4,62
Trnnmhotoln:e activity 73.9=6, n
in blood (in moles : :
of 5-7-p for 1 g Hb Pp3-1<0,02 Pr11-ni<0.2
per hr)
Transketolase activity
(in moles of 8-7~P
for 1 g dried tissue
per hr) '
In liver 218+ 8 © 210=17 193+ 16
In tumor 1099 1178 119+8
Thiamine concentration
(in for 1g dried
tis{gf)
In liver ' - .
In tumor P ’ '

The contradictory in the literature data may be associated with the
fact that in ‘he majority of investigations, the thiamine allow-
ance of the control animals was not sufficiently accurately determ-
ined. In our experiments, the control animals received a physio-
logically normal amount of thiamine and according to the dats from
biochemical studies they were fully vrovided with thiamine. Under
these conditions, supplementary doses of thiamine exceeding the
physiological recuirements by 10-20 times Aid not affedt the crowth
of sarcoma 208, However, when the animals received a anbnormal
amount of thiamine, even a relatively small increase in its dosape
(from 5 to 10 ug ver mouse per day) led to an acceleration in sarcoma
298 growth. Tn this connection, it is nosaible to say that the
stimalation of malignant tumor growth under the influence of excess
thiamine domraces, which has been noted by several authors, may be
determined by the fact that the animals in the control rroup in
these exneriments did not receive optimum amounts of thiamine,
corresnponding to their complete rhysiolopical requirements. Having
been observed in these experiments, the stimulation of fumor growth
mavy be caused by the fulfilling of something of a thiamine deficiency
in the organism, and not by the effect of its excess., In inter-
vreting thase data, it is difficult to exclude the nogsribility of
the sen@dtivity of various tumor strains to thiamine,

The poesibility #f accelerating tumor erowth in fnl1filling
~ relative thismine deficiency present in the organism, the solution
must be considered, in our view, to the question of the exnediency
of prescribing thiamine in »n oncological ¢linie, since there is
mn series of dntm which indicretes that patients with malipnant neo-
plasms are often found in a state of something of » B_.=hvpovitaminosis
(15, *1-37) ! |
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COAEP)XAHHE THAMHMHA B TKAHSX, AKTHBHOCTD
TPAHCKETOJIA3bl H PA3BHTHE AKCAEPHMEHTAJIbHBIX
ONYXOJIER NPH PA3AWYHOHW OBECHEMEHHOCTH
OPFAHH3IMA THAMHHOM

JI. B. Jlvauxosa, E. M. lllaracea, I'. H. [Taatonosa, B. B. Cnupuues

Hnctiryr nutanua AMH CCCP, HHCTHTYT 3KCMepHMENTaIbHOR o KAHHHUECKON OHKOAOrHil
’ AMH CCCP, Mockusa

INpu stezocTaToHoil 06ecnedestHocTH simedt TiamuuoM (0,5—1,0 MKr B JCHb BpH
‘@usnoncruyeckoit norpeduocti 10 Mxr), PLLIBAROMEIT CHIAKCHHE Beca H rHGeab YacTh
AMUBOTHUIX, 4 TAKKE PEIKOE YMCHLUICHItE COTEIKAIHA THAMUNA 1 aTIBHOCTH TAHCLKL-
104336 B TKANAX, HAGMOACTEA 3HANNTEIBHOC YMCHBLICHHC NPHRUBICMOCTH CAPROMM
298 4 rouTH NO.THOE HOZ2BICHUE POCTA NPHUBHUBUIINCA onvxoaei, [Ipit cyoiopyaabloit
ofccneuennocTit Muueit THasunox (0,0 MKP B Jelib), KOUld BHEINHMC JIPHILAKY B,-
ABUTAMIIKO2A OTCYTCTBVIOT, @ aKTHBHOCTL TPANCKCTO143H B KPOBH M NCUCIH WHBOTHLIX
M OTANYACTCA OT KOUTPOIA, POcT caproMui 298 jamelsinerca Ha 35%. Kouucurpais
THAMIHA B ONYXOTECOfl TRAHI CHILKACTCS NPH 3TOM 8 3 pa3a. a aKTHBHOCTb T AUCKETO-
Aa3n — #a 40% 0o CPABHCHUIO ¢ ROUTPOICM {puexenue 10 MKr THAMHHA B aeusb). Ha
passirite remountofaactoda La HEJ0CTATOK THAMNHA vaisiuKe He okaawpaer. Habur-
TOMHME 203l THAMINN, DPOSLILAOWHE (i3I0IOTHINECKYIO noTpeduocTs 3 10—20 pas,
He BAMAIOT HA COXCPIKANNC TiHAVUHA 1 AKTHRHOCTH TPAHCKCTOIA3M B OTIYX0.1eBOM TK2-
HN, 8 TaKKe pocT capkoMu 298 v paspuTie remoltitod1acrosa La.

B anTeparype eCTb CBCAEHHA O ABIEHHAX THAMIHOBO He10CTaTOYHOCTH
y GOMBHEIX CO 3.10KaYeCTBEHHBIMH HOBOOGPa30BaHHAMI H MOIBLITKAX KOppek-
UHH 3TOfl HENOCTATOYHOCTI JCMOJHITCIBHBIM HasHayenueM THaMHHA {1—
6]. B cBasu ¢ aTHM npuoGpetaer CyMLCCTBEHHCE 3HayeHie BONPOC O B.MA-
HUH Pa3JHuioll 00eCNEUCHHOCTH OpPrauisMa THAMINOM Ha O0MCH BCLIECTB
B ONYXOJAX Il IX POCT. K COMAICHINO, JuTepaTypillie JaiiHbie Kacalorcs
FASBHEM 006pazoM BTOPOIl 4acTil Npol.aeMbl, a COCTOoRMHe obnelta petectn
B ONYXOJAX IPH PA3TIUHOI oGecHedeHNOCTI OPraHi3Ma 1HAMHHOM OCTACTCA
He BHOJKC BLIICHEHHBIM, B 4acTHOCTH, OTCYTCTBYIOT 1aHHLIC O B.IHAIMK VRa-
3aHKOro hakTOpa Ha colepialliie THAMIHA U AKTHBHOCTD THAMINIABUCUMO-
ro cp%p.\xcma TPaHCKETOa3bl B ONYXOISX H APYTUX TKHAX XO3A1HA.

BeACHHN O BJANSHEI HEIOCTATOUHOTO WM H3CLITOYHOTO NOCTYN.IEHHA
THAMNHA 112 3J0KaYeCTHCHHBIT POCT CKYIHL It mpoTusopeutisul. I13necto
[7—9], uto MoaHOe AuMICHIC AHBOTHLIX THAMIHA TOPMO3NT POCT onyxo.ieil,
OZHAKO NoAo6Has CHTYALIA BPAL JIt MOAET COOTBETCTBOBATL KMHIYCCKIM
ycaosusiM. Fopasio Goaswitil iHTepec npelicTaBIfIn 6Ll CBCNCHHA © poCTe
ouyxoJeil B yC.10BHAX cyGnopMaIbHOil 00ecneyeHHOCTI THAMIHOM, HC BLI3bI-
patoweit Taeaoro By-asuravunosa. _

Yro Kacaetcs JONQIHITCIBHOTO BBEIEHHS THAMIHA, TO, 110 J1AHHKIM Ol1-
NHX aBTOPOB, H3OBITOK THAMIHA He BJAHAET Ha POCT ONMYXO:1i (10—15] wau
TopMosuT ero [8, 15—17, 18], mo 1aHHLIM IPVTHX apTOPOB, BBCICHIE THA-
MHNA CTHMYHpYeT 3a0KavecTaenuslil poet {7, 11, 19—21].

B cBs3ii ¢ HEOCTATUYHOI N3VYEHHOCTBIO VKAa3aHHLIX BONPOCOR ML f10-
cTasiai nepea codoit 3atauy foee TeTaabHo HCC.Ie10BaTh BIIUAHNC Dad.IY-
Holi ofecreuciiiocTH OPratit3IMa IKCNePHMeHTAIbHLIX HKHUBOTHBIN THAMINOM
Ha COACPXAHHE THAMIIHA H AKTHUBLOCTH TPAHCKETOIU3bl B ONYXOTI 1 IPVTIIN
TRAKAX MIUBOTHLIX-CNVXCICHOCHTETC!!, @ TAKKE H2 POCT MEPCuHIrBacMoil ony-
XO:TH, B KAUCCTBC KOTOPOH Hami Oblaa BhIGpatia capkoMa 298 abiuieit, Ana-
JOFINOE HEC.1e10BRNHE GO MPOBeAcHO ¢ reMountodaactosonm La (oetpuiv
JefixoloMm).

Mposcashie 2 ceprnt srenepiventon. B 1 cepiy usyueno pumiie HeoCTAaTOAHON K
<€yGHOpMAINICN O0CCHCHRHHOC T 1itIMHIOM,  BO I —- pansHie 130LTOYHBIX 103 3TOTO BH-
rayanta, Oniara 60l suoorpes 1 Mua s Jun Gy 31U,

] B reucHe KCEIO IRCNOHINCHTA HiIBOTHLIE NOaVHAT! CHUTETHURCKH' paciof caeayio-
WEro CUCIabI: KA3enit, OTMHTHE OT biTadution—Ild ', Marcost:l KPINMad —68%., noa-
coneanoe Maco — 0%, corenas eMech fo kakony i @octepy {22] —47:. Coctas wipo- #
BOOPACTBOPHY MY BETEMIHON N2 } K0 pauiona:  SHTaNMHN A — 1000 HE, sutasitnn D —
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1000 HE, suramun E — 60 mr, putamusi K (pukacoa) — |- wr, suramus By -5 wmr, sura-
Mzt Be — 5 Mr, soxotHuaniy ~— 15 Mr, nantorenat xaasuis — 30 ur, donenan KHcaora —
1 xr, Guorin — 0,2 mr, xoanux.aopu — 1500 mr. ' .

THEMHUK. DUOAITH AKHBOTHIM €:KEANCHIO BHYTPHOPOWNKHO B HIIOTONINECKOM PaCTRO-
pa B 1 cepun onmrop wuvoruuie noaywain 05 u I MEr  (weaecratounas  oGecnevest-
HotTd), 5 MKr (¢cyGuopsaneHam odecneueHnocts) i 10 Mkr (KHOpMaabHast olecheteHHOCTS)
THaduna B dens. Bo [l cepum 103w tuaspuna cocrapastt 10, 100 1 200 mrc 2 qeub. Bui-
Gupan B xaucctae 103bl, OGecniednaoWeil MOTpLGUOCTh Mbteil B Tuamiie, 10 Mkr B dews,
Mbl PYKOROICTBOBAANCH RaHHBIMI autepatyper {23—23], a rakwe pesyasTatami cobeTpel-
HBIX RPCABAPUTCILHLIN IKCNEPHMEHTOB, B KOTOPLIX GBLI0 YCTAIOEIEHO, YTO 3Ta 1032 obcne-
YIBAET ONTHMAILHYIO CKOPOCT: POCTA AUBOTHLIN NPIt OMFIMAALHOR KOHUEHTPaIlIt TiaMINa
W aKTHBHOCTH TPAICKETOIAIW B X TRAHAX. Mbuun HaXOIHANCL HA CHATETIMECKOM paunoic
# NOJYHATH VRU3auuuie Bilie 203 THaMitia 5 Tenenite 17 Jnell 30 nepeBHBRn CaproMu
298 man remomiutoGaacto3a La i 3areM B TEuCHHE BCero MOCTEAVIOWIEro Mepilola oauta.
B aeHb nepesuuKi YacTh KHBOTHBRIX 32011BA7H LIS ONpPCIENeHis KOHUSHTPAILI THAMIHA W
AKTHBHOCTII TPAHCKETONa3t B HX TRaHsX. QCTAILHBIN AHBOTHBIX 3AGHBATN 1OCIE PUIRNTHA
¥ HIX BJOKAUeCTBOHHLIY HomooOpasoBaiil: uwepez 2--3 HeICT NOcIe NEPEBHUKY CApROMHI
u vepes 6 aneft nocae nepesiskil resouittadaactosa La.

Kpntepues sansiig pasinunoil o6oIneueniiocTH OPraniMa THAMUHOM HA POCT CapKo-
MB GIYIKIT BPOUSHT TOPMOMKENIA POCTA OHYNOTIL, BHYHCICHHLIT IO ee BeCy D KOHUE ONKTA;
Aas revottnrrofiiacrola La — APOI0IAHICILHOCTh AUSHE AITBOTHBIX.

Konuenrpaumo ofhiero THAMIHA B KHROTHLIX TKAHAX ONpelcIsm Moanuuiposan-
HEM QioopoMeTPIdeciit MeTooM Xayrena (26, 27} .

Hanecky tkanit (160—500 mr) rovoresiuposaan 8 5 ma1 5%  pactsopa  Tprxaop-
ykeyenadl kucaornt (TXY), uenrpudyrupopains it 0cai0oK asaan uposupait 5% pactso-
poM TAY. OGwemuenituiit sxcTpakt, tovetennuil 5% pactaopoy TXY 10 odnema 25 wma,
wefitpaanzonanit xo pH 4.5—5,0 A0Gasicuies 5 M1 2 M opacTnopa auerata Harpuy, HHKY-
Suposanit 8 reuense 15—17 udcos mpu 377 ¢ IRCTPARTOM (hepMCHTHOIO Npenapata Asper-
gillus arizae 21a BNCBOGOMACHIA THAMUHA 13 ero (ocdOPHELY 3¢1pOB.

5 M2 noayycHHOro pactsopa Jo4aBadaN H3 TMACTKH B K26y, colepaamiyio 3 Ma
CRONKENPUroTORICHHOTO pacTsopa deppinnanitia Kaxin (4 M1 1% pacrsopa KiFe(CN)g #
15% pacteop ‘NaQH 10 100 ma] u nepesewusain B npoloaasetiie 90 cex. Peaxuio npek-
pauwtanil aobapieniem 2 Kaneis mepekicit po10opola  (onuTHwie npobu).  KoutpoJuHblie
npolbl Nipesapiresio obpadartnisatil GeHIOACYILGOXIOPIIOM B MEIOYHOIT cpee (6 Ka-
neabs 409% NaOH i | kanas Gensoscyandoxiopuia) s paspyvuwennua tiavima. Tiroxpou
- KCTpariipopaan 10 M H3006YTIIOBOro CNHPTA H €TL YIIOOPLCULLEINO Onpeleas1l Ha ¢.1o0-
posmetpe ID-3M ¢ nepsinunim duanTpay GK-1 1 sTopuunsta B2,

OAEPHIANIE THAMIHHA B TKAHIl PacCHlTHBANI ¢ MOMOWSIO KaIn6poBouoil Kpisoil,
ROCTPOCHNOMN HA CTANAPTHHN PACTBOPAN THAMIKI.

AKTHDHOCTL TP2HCKETOIAILl B AHEOTHHIA TKAHAX OAPCAEIAIN MO CKAPOCTIH uipa3o-
BaHHA ¢e10renTy,1030-7-¢ocdarn (C-7-D) upit HHKYVOILNT TOMOTCHATOB TKaHeH ¢ Pif030-5-
¢ocdarom (P-5-®) no meroay Bruns u coant. [28], Hawit fwaa npomeiena iciotopan
MOANPHKANNR >TOfO METOAA B OTHOUICHHI PA¥REICHIA [OMOTEHATa ONVXOJEHKGI TKaMiL,
neueiit, CeICICHKH M MULIINL MuWel. Buido nailieno onTHMAIBHEM PAIBC/ICHHES TOMOFCHATA
onyxomit # neswens 1: 300, ceaezenxu 1:600 1 cxenernux Mumn 1:20 npn ncnoabiosannmn
seponat-auetatioro Svdepa pH 7.6, Tovomsar wponn Spaant & passeacwsn 1 : 10,

| M1 POMOFCHATA TRAMI LT CeMOLIiara Kposit Hprvéupovaan s tesenne 30
45 mun. cootsercrredno ¢ 0.5 ya 0.01 M pacraepa pnéoio-d-gochara » 0.01 M pactsope
peponat-auctatioro Gvepa, pH 78, Peakwino nipexpautaan aolanaeniieM pastoro ohueMa
IOgb pactnopa TXY. Konrpoawhuie npodsl mikvoupesaan Ges P-5-@, kotopuit lofanisan
X npolay uocic ocawiennn Gaaxen TNY. Ilocae ocamaennn Geanon 1CNTPHPYTHPOLIINCM
2 wa weurpudarata Rarpesay B tedenne 80 wnn. ¢ 04 Mo konncutprpotamton HCL ua
Kunaweft soasion Gape. B oxaasizenntie npolful apistiesdi no 04 w1 FeChow 2 a0 puac-
teope HCL u 0.2 M 67, cBewenpir : : i e
NPOGRPOK YHOPTIMHY TenE Ul e
8 npoxotmoiey 3 maki. [loce ox o G T
ACPAHBATE B SpodnTacHE2 4 ¥I¢ha £ Teunnie ; citnata na OB e 6T e
APOTHR BOIBL AETEA6CTS  TPUNCHeTIIAILl B TURHAY  DACCEITHIBAIL 4 oW 0710 i r.hna

C 3YIOWErOCs CeIOTenTIAN30-T-POChata Ha 1 roTkane 8 | wac, a 8 KLoRM — i1 ] 1 renvaran
6una s | uac.

o

Ha pucyuke npuselens! KpHBLIE BECA KIBOTHBIX, [O.JIVYABULIX HOP-
MaabHLIC, cyOHOpMaIbHbe # HEL0CTATOUNLIC 103K THAMIHa. CTDPCIRON Viia-
3aH eHb NePeBHBRI IM caproMbl 208, JaHlble 0 KONUCHTPAILI! Tilatiina i
AKTHEHOCTH TPAHCKETOIA3bE B TKAHK HUTAKTHBIX AHBOTHLIN, MOJINH3EIUHX
pasauuiLie 1036l THAMHNA, B Jelib NPUBIBKI capkoMul 298 npeicTanieaul B
Ta6a. 1. Kak BiLano u3 sTnx Jauuslx, ¥ KIBOTILIX, N01VYABIINY HE10CT . TOU-
Hhe 103bl THaMuna (o 0,5 1 1,0 wwe B ctb) K MOMEHTY HePeBHBKI CapKO-
sibl 298 passitiocs B -aBUTAMHHO3NOC COCTORMHIE: BEC X HAYIIHNAT CHIAATD-
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* e no 05 MKE THAMMHA HA MBIUL B REHL,

~We pasaHUHbIMU BTOPHUHBIMH HapYUICHIAMH, pa3BHBLIIMHECH npu

:

Cfi, 3KTHBHOCTH TPAliCKETONA3LW B KPOBH H MedeHll, 2 TaKwke KOHUEHTpauns
THAMHHA B nevclil OLAM 3HAYHTENLHO CHIKeHL. JKHBOTHLIE naju na 27—
30-it peub onuita. ' ' :
. Peakoe CHiXKeHie IOCTADKIl B OPTaHH3M THAMHHA, BLI3BIBAUICE Y it~
BOTHHIX COCTOAHHe vGoKoro Bj-aBiTaMiiio3a, 3HAYHTEILIO CHRAAIO npi-
BHBaeMocTb capkoMbt 298 it npakTHYccKH
NOJHOCTBIO 101aBIAI0 POCT HPHBUBWHX-
cs onyxoach {cM. Tada. 1). Cxoanoe Top-
MOXMEHHE pPOCTa 3JOKAUCCTBEHHBIX ony-
Xodeft npi HelocTaTke THaMHIIA Hadd0-
nanu apyrue asropsl [7, 8, 29). _
Y KHBOTHBLIX, TNOJIYUABWIIN HU3KHE
J03b1 THaMHHA, AKTHBHOCTDL TPaHCKETO-
Aasbl B TKaill ONVXO.TH OLLia CHHAKEHA B
2 pasa MO CPaBHCHilKY ¢ QKTHBHOCTBIO
TPANCKETO1a3Ll B CAPKOME KOHTPOJIbUbIN
AnpoTHLX. CHIDKCIHS AKTRBEOCTI TPANC-
KCTO1a3bl MPOICXONIO 1 B APYTHX TKA-
HAX MHUBOTHLIX-OMYXOACHOCHTCCH B KPO-
B H [ICUCHH. KUHI[CHTP&HUM THAMBHA
B MCYECHI 3THX MKHBOTHLIX OLLTa CHILKeHA
B 4,5—7 pa3, u4TO CBHICTCIBCTBYET O
cocTosiHlH rayGokoro Bj-aputayinosa
(cy. Ta6a. 1). Tloaasaeuite 370KauecT-
BCHHOrO pOCT2a B MOJOOGHLIN YCIOBUAX
. NOBOJBHO TPYIHO HHTEPMPCTHPOBATD, NO-
CKOJBKY 3TO MoiaBnieHue MOTA0 GbiTh OGYCIOBIEHO He TOIBKO BbIK.Ii04e-
HHeM THAMHH3ABHCUMBLIX )epMCHTOB, HO I TAKHMHU necnerduecKiMi pak-

TOpaMi, KaK rofolanie u yxyiuenie o61ero COCTOARNS ;mmomm.\',Ba TaK-
(-2BH-

4
-
J

Sogyr

13151820 25 28 .

mr 8

Bec XHBOTHLIX, NOJVYABLWIX HE1OCTA-
TOUHNE N03b THAMIHA.

Mo ocx alcunce — AMI SKCICPHMENTA,
OCH OPANHAT — BEC HIRDTHLIX (B &)

no

gm0 1 MNZ 3— 10 5 MKe: ¥—n0 10 Mx2
THAMItHA Ha Mbllb 8 CHL (¢uauo.‘xoruqecxn
notpeGHOCTL).
Crpenxofl ROKA3AR .'xeggh NEPEBHBKH CAPKO-
Mbl

TAMHHO3C.
Ta6anuna 1

OPraMiIMa  MulUICA THAMHHOM Ha DOCT CIPROMB 298

BARRHUC DAIMUHON OBLCIICHEHHOCTH »
CaslilHbe € OGMEHOM M yHKUMER  rviamMuid

K GUOXNMHMECKME NOKAIATEIN,

ll(\.!ﬂ THAMHEHO A MbUTL aoie ( MKS)
Hecaeaycnmft noxasarens
0.5 (1) L an [ samm | reaw
Bec wupotubix (n ¢) 9,7*0,1 12,0+0,3 18,3=0.5 18.83+ 0,6
P, ,-1<0,001 rri-11<0.001
» onyxoau (B o) 0,086=0,008 | 0,1640,030 3,002 | 16=0,2
P”-|<0.05 ’ 1v-1l l<0,00l
AxTHRNOCTS TPSHCKETO-
Aq3b (B MKMOISX
C-7-® na | 2 cut-
poflt rxaui 8 vac) ‘
B onyxoan 45.0=7.0 57,050 . 64,0=4,0 103.0=9,0
P 1-1<0.005  Pypy-r>0.03 Pyyr11<0.001
B neueHn 47,025 44224 18612 | 212=8
Py-rni>0,05
AKTHBUOCTL TPANCKE: — - 585 427
TOAAIW R RO (8
P TR £ AN ORPI¢ LI PR
1 2 Hb p uac)
Pyy-111>0,05
Konuentpatins tiawi-
Ha (B une Ha | aout-
poit Traun)
B CilYXOIK — — 0.4+0.05 1.2+0,07
B ncucHn 0.§=0,1 0,8=0,1 3600 56=08
Pro-111>0.05
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B cBA3K ¢ STHM 3HauNTeabHO GOMbIIL HHTEPEC NPEACTABANIOT Pe3yilb-
TaTel, NOAYHEHHHE NpH H3VUCHIN PAIBUTHA CAPKOMM 298 B ycaosusx c;:ﬁ»
HopMaibHOll 0GecnedeHHOCTI THAMIIOM B 103€ D AtK2 113 Mbilub B lenb. K-
BOTHbIE, NOAYNABMLIE 3TV 103V THAMIHA, HE 0101411, HX BeC He OTi4AICH
OT BECA XOHTPONBHLIX MIBOTHMX, NOJIVYABIINX ONTHMATBUVIO JO3V THAMII-
na (10 ax2), a aKTHBHOCTL TPaHCKETO.1a3bl B KPOBI il MeueHi 0CTaBa.1ach
Ha HOPMaABHOM ypoBHe. B TO We BpeMs KOHUEHTPAUNA THAMIHA B TKaHI
caprkompt 208 Guina cHuMewa B 3 pasa, a aKTHBHOCTH TPAHCKETO1a3bl — ha
40% no cpaBHEHMIO C KOHTPO.ILHBIME AIBOTHBIMI, MOIYYABUIIME PH3N010-
CHYECKIl HOPMAJMBHYVIO 103V THAMHHA.

3TOT HeAOCTATOK THAMIIIA BBI3BAJ TOPMOMKEHIle DOCTA 3.10KaYeCTBEHHOI
onyxoaH Ha 33% (cwm. Taba. 1).
Topmomeniie pocta capkomn 298 v KHBOTHLIY, noay4asuux cyonop-

. MaAbLHYI0 O3y THAMIHE, NMO-BHIHMOMY, CHCRH(IMCCKI O0VCIORICHO HEL0-

CTATKOM THAMHHA 1 CHHMCHHCM AKTHBHOCTH THAMUHHIABHCHMDIN (Q)C})ML‘HTOB
B onyxoaeson TKaik. [loayueulibie JanHLIC HCKRAIBIBAIOT, YTO B VCIOBIAX
€yOGHOPMAIbHOI OfecneueHHOCTI OpranH3Ma THAMIIHOM ONVXOIb CTpataer
OT €ro OrpaMHycHHOro NOCTYTLIeHits B ropaslo 6oablleil CTeneHi, 4eM Hop-
MabHble TKAHI AKIBOTHOrO-ONYXO.IEHOCHTCIA H OpPrann3M s ie1oM. drta u3-
6HpaTebHOCTL MOXKeT GLITh 06YC.10BI€HA TeM, YTO OMVXO.b 6vpHO pacter
H NO37T0MY ropasio 6o.plie 3aBHCHT OT MOCTVILICHIA THaMiHA, YyeM MeddeH-
HO pacTyulne TKaHir,

NPOTHBOMOA0KHOCTb COMHIHBIM OnMyXoaAM remouwnrobaactos La (oct-
PLift 1€iiK03) OKa3a.ICcA NPAKTHYECKH HEUVBCTRITCILHBIM K 1E10CTATKY THa-
MHFA. Y XKUBOTHBIX, NOTYYABUIIX 10 NCPEBHBKI 10{1K034 B Teuenne 17 aucil
TOo | mA2 THAMUNA B IeHb (NTQ COOTBETCTBYET .MIlb O1HON CCATON HX MO-
TPeGHOCTH B 3TOM BHTAMHHE), Pa3BiTHe reMouHTo6.1aCTO30 ULIO HHTCHCHS-
HO H NPOAOTIKNTEILHOCTD XKi3HH 6LL1a TaKoIl Xe, KaK It v KOHTPOIbHLIX K-
BOTHMX (7 aner). KoHueHTpauns THAMHHA B NeyYeHIl VHX KUBOTHHX Obiia
CHU¥ieHa Goaee ueM B 3 pasa, a aKTHBHOCTL TPAHCKETOJId3Ll B Heil — Ha
40%, uTO YKa3bIBaeT Ha COCTOAHINE 3HAYNTEILHOrO Bi-annTaMuuosa. V' Jgeii-
KO3HHIX MHBOTHBIX aKTHBHOCTb TPAHCKETO.1a3kl KPOBH Obl1a B 2 pPasa BHILC
8KTHDHOCTH TPaHCKET0.1a3bl KpPOnll 310POBBIN MKIUBOTHBIN, NOJIVYABUINX TC
K€ 0361 THAMIIHA, 4TO, OUEBIITHO, CBA32HO C PEe3KHM VBETiUCHHEM YHC.Ia
HE3peauX JACiIKOWNTOR B KPOBIL. :

OtcyTersite BansHIA HelocTaTka THAMIHA Ha passurtue remounrod.1ac-
T03a La, no-BHIHMOMY. yKa3blBaeT Ha Kakne-TO ocoSenHOCTH odyeHa .1efi-
KO3HHX KJETOK, Je]aloulix HX 6o.lee He3aBHCIHMBIMI OT NOCTYNICHNS THA-
MHHE J13Bie,

Ins BeisicHeHHA BOnpoca o TOM, KaKoit 3¢dexT okasniBaer 1a o6MCH H
POCT ONyX0.1it BBC1EHNE B OpPrani3M H3OLITOYHBIX 103 THAMIUHA, NPEBLILAIO-
WHX HOPMAJIbLHYIO (I3HOJIOTHYECKYIO NOTPEGHOCTL B 3TOM BUTaMIUHE, K HUBOT-
HBIM BBOINIH JonoannTeabHo no 100 wan 200 swe tHaMiHa B 1eHb. KouT-
FO.abiible AIUBOTHBIC NOIVYATIH no 10 sae THaMuHa,

Buoxmaeckie ice1e108aH1s NOKA3a.1H, YTO AKTHBHOCTS TpaHCKeTo a-
3N W KOHUGHTDAIWIA THAMHIA B TKaHH MHBOTHBIX KaK KOHTPOSIBHOM, Tak i
OUBITHHIX PV OB HOPMAJLHBIMII Il e MOBBIUAIHCH NOI LIHAHUEM 10-
NOAHNTEABHLIX (103 THaMu#d. BscieHne H3OLITONHEIX 303 1:aMiHa He OKa-
3410 CYWOCTBOHIONO RIUAHIA HA DPOCT capioMbl 298 B omicaiiiiy ey
3!\'CHBPHMC‘HTOB 1O CPaBHEHIO C A HBOTHUI M, 0O 9a BN THaMEg | -
ACIAX HX H3HOIOTIINCCKON noTpesnosTH. Bee GiIVXOTH ¥ Alilkn Lty ey
qasuwnx 100 wke toaviima » edb, Obiv Papeil 3E 02 a0 v e 1y
£0,2 2, ¥ KONTPOIBUBIX Kit2OTHLX — 4,6 0.2 2. ALTHnHocTs TpEHOReTO N
3 TaKKe KOHUCHTDALIIA THAMHER B ONVXOTH MEBOTHLIN, HOI% 1551 140
TOUHBIC JO3LI THAM], TAKHE He 0T HYATHCL OT 37y Hb!{;l}-alc.’ii_'ﬂ RSN
POIBLHBIX AHBOTHHIX (T20.4. 2), 3710 CBILICICILCTBYCT O TOM, ITO HIIKAS 101
UCHTPAWISL THAMIIHA B ONYXOJEROI TKAHI — 3TO He Cae1CTiie HeIuLTa10y-
HOrO MOCTYNICHHS THAMHIHA B OpraHi3y AHBOTHLIX, 3 XapPaKTEPHOC CBUICT-

45



3O OMYXOeBOf TKALI, ¥ BROJTHE 10CTaTOuHA 1A ofecneyeHls BHICOKOI aK-
THBHOCTH TPAHCKETCIA3LL.

BaeneHie HIGLITOUNBIX 103 THAMIIHA HE 0Ka3a10 KaKoro-au6o aeiicTpils
TaKKe HE pa3BiTHe reMounTtoGaacrosa La.

[TpoROTANTENLHOCT KI3HI AUBOTHLIX BO BCEX rpynnax 6uina onrua-
koBoft u cocrasasa 7 aueil.

OrcyreTBiic BAHAHHA N3CLITOYHBIX 103 THaMillia HA POCT 3.10KadECTBL:(-
HuiX onyxosell Ha6:1101a.1H TaKKe APYTIC NCCIC10BATEIN [9—11, 13, 15, 30].
Oamaxo Hapsiy C 3THM B .1ITEparype HMEWTCA AaHHNE O CTHMVTHPVIOUICM
BAHKHMI THAMIHA HQ POCT 3J0KAYECTBEHHHIX ONyXO.1ei [7, 1921, 29].

Ta6aunuwa 2

Baunnue W3BLITOMHBIX 103 THAMHHZ HRZ POCT capkosbi 293 # OHOXHMHYCCKIE NOKAIATEIH, .
candannbe ¢ O0MEHOM THaMHHA

Jo3a tHAMHEA HA MBLIL B AeHb (D A AC)
Hccnenyensil nokasareas HOpMaTbKaR RIGHTOUHLIC _
10 () 100 (I 200 (D
Bec xusoTHuX (B 2) 18,8+ 0,6 18,1204 18,84:0,7
» onyxoan (8 o) 4,6+0,2 3.8¢0,2 1,4%=0,2
AKTHBHOCTE TPAHCKETOAAIN 73,9+6,9 119+ 12 1362 10
xposu (8 yxworax C-7-@
wa | 2 Hb » uac) P1-1<0,02 Pi-11<0,2
AXTHBHOCTh TPAHCKETO1AIL " _
(e anmorsx C.7-® na l 2
cupoil TKatn B yac) .
B neuenn 218+ 8 s 210=17 193+ 16
B Onyxo.au 109+ 9 11748 119+ 8
KoHuentpaunus THaMuua
(8 mne na 1 2 cuipoft TKa-
. NH)
B nedexn 5,6+0,8 6,5x 1.1 6,608
B OUYXOJH 1,20+ 0,07 1,4=0,2 1,7+0,4
' P1p1-1>0,05

[TpornBOpeunBOCT AAHHBIN THTEPATYPLl MOACT ObITh CBA3aHa C TEM, UTO B
GOALIIMHCTBE 1CCICI0BAHMIT He Obl1a 10CTAaTOUHO TOYHO onpelceHa obec-
AeYeHOCTh THAMIHOM KOHTPOIBHBIX #IIBOTHBIX. B HalMMX onLiTax KONTPO.Ib-
Nble KHBOTHLIE MOJVHAIH QH3HOIONHUECKH HOPMAIbHOR KOANYCCTBO THAMH-
M3 M NO AAHHBIM GUOXHMIYCCKIX JIccIea0Bannil ObLIH NOINOCTLIO cleclieye-
B THAMIHOM. B 3THX VCIOBHAX J0NOANKTEIbHBIE 10301 THAMIHA, TIPCBBILE-
oule Qusnoaornueckyio norpe6uocrs B 10—20 pas, ne sansin na poct
capkoMp 288. B To e BpeMsl KOrla AHBOTIlBHE 101yd4ady cyOHOpMadbHoe
KOAHUECTBO THAMINA, 1axe OTHOCHTEILHO He0O bLIOe NOBBLILIEHIIC ero 103b
(¢ 5 no 10 sA2 Ha MMIL B IeHb) NPUBOINIO K VCKOPEHHIO POLTE CZPROMLI
298. B cBRrap ¢ 3THN MOAKHO BLICKa3arb NpeANOJOMmeHite, 4TO CIHMV.IAUHA
POCTA XIOKAYECTBLHNBIX ONVXOTell MO Jeffc18Hen H3OLITOUNLIX 103 Tiaiia,
OTMCYOHIIaR HEKOTOPLIMI IBTOPAMH, Moraa OblTh ¢HVCa0BIeHA TCM, NTO Fil-
BOTHLIC KOUTPOILHOU FPYANLL B S5THX FNCAEPIMCHTAX HE NOIVYATI ONTHMLTh:
HBIX KOJIUECTS THAMIIHA, COOTECTCTBLVIOUIEN X TOJTHON (iisiiodorinnm kol
norpebuoctit. HadaieiaBuanca 8 3THX ONLITAN CTHMYISWIGE DOTY GHVIOIN
MOT13 OBITh OOVCIORICHA BOCTOTHCHIILN HEKOTGPOTO HEIOCTHTHA THaAT A &
opraun3Me, a He jelicTaieM ero Hio6uitxa. [lpn Tpaktosre »iinl RCLLIVES
TPYAHO HCKTOUIT H BO3MOAKHOCTD BA3IHUNON YYBCTBHTCALHOCTII  PasiILiY
WITAMMOB ONYXO0.1eil K THAMIIHY,

Boamoxuocts VCROPCHUA POCTaA ONVXNOIM NPH BOCNOJTHCHIL EMCIOUHICIO-
CR B OpraHn3aMe OrgoCHICILHOrO HEIOCTATKA THalMiHHA CJIC1VeT, Ha Haul
B3raal, yulTuiBath npH pclucHiti Bonpoca o uc.1ccooGpaanocm HAZHAYCHHA
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THAMAHA B OHKOJOTHYCCKON KIHHIKE, NOCKOJIbKY HMECTCR PRI daHHHIX, no-
K23MBAIOULHX, YTO 6OMbHBLIE CO 3.T0KAYECTBEHIEIMII HOBOOGPA30DIIHAMH Hac-
TO WUXONATCA B COCTOAHIH HekoToporo Bi-ramosuramumosa [1—5, 31—33}
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L. V. Diyaclikova, E. M. Shamacva, G. N. Platornova, V. B. Spiricher. -- THIAMINE
CONTENT IN TUHE TISSULS. ACTIVITY OF TRANSKETOLASE AND DEVELOPMENT
OF EXPLRIMENTAL TUMOURS WITH DIFFERENT THIAMINE ALLOWANCES IN
‘THE ORGANISM

Summary. With insufficient thiamine allowances in mice (0.5—1.0 ya day and
physiological requirement of 10y) provoking loss oi weight and death of some of the
animals, along with a drastic diminution of the tiaminc content and transketolase activity
in the tissues. one can observe a significantly lessened take of sarcoma 298 and a nearly
-complete suppresion of the grow:h of the aiready adapted tumours With subnorma! copnly

of thiamine to the mice (2.3y a davy. when external signs of the B vitamin der cloney are
absent and the blocd and iver iransietslase activity in the anima's aoes not hinr ren
that in contreis — the sarcoma 253 growth siackens by 25% . The "miam = encnlin an e
the neoplastic tissue then becoines curtailed to bur one third and the ran kot - ay
fatls by 0%, in comparisor: to conirals which received 10y of tiiamine per day cach. The

shortage of thiamine dees not alicet the development of the La hanoeyiohia s P
berant Joses of tiiamine, exceeding the phyvsioicgical demand by as many as, 19 ta 20 4
mes, have no influence on the thiamine content and transketolase activity in the neopla-ic
tissue, nor do they aifect the growth of sarcoma 238 and development of the La hemocy-
{oblastosis. :
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Action of Synthetic Vitamin B,.
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The antineuritic vitamin, B,, has heen crystallized by different
groups of investigators.’ but it remained for Williams and his asso-
ciates’ to arrive at a correct structural formula, confirmed by suc-
cessful synthesis.® ‘

For some time, the crystalline vitamin B,, both the natural and the
synthetic, has been available in the form of the hydrochloride in onr
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08, 810,
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AcTION oF SYNTHETIC VITAMIN B, 459

laboratory for pharmacological studies. Our results appear so uni-
form that they can probably serve as an additional proof to that es-
tablished by chemical means, conmeerning the identity of the two

products,

To determine the potency of the synthetic vitamin B,. rats were

made definitely polyneuritic and treated with various doses according

to the technique of Smith,* except that a small amount (0.4%) of
Brewers’ yeast was added to the diet, as suggested by Dann.'® in or-
der to reduce the incidence of deaths. Tests were also carried out in
pigeons rendered polyneuritic by the diet proposed hy Cowgill'" for
confirmative purposes. ‘
TABLE 1.
Poteney of Syathetic Vitamin 13,

8pecien Used No. of Polyncuritic Dose No. of Animals
Animals sed mg. Cured
3 003 1
Ratx 7 004 . 6
- 13 005 .10
5 : 000 4
Pigeonn L 005 9

As shown in Table I, doses of 0.004 to 0.006 mg. of synthetic
vitamin given by mouth were sufficient to cure 77 to 85% of the
rats. An amount of 0.003 mg. was effective in one case but failed
in the other 2, so that the minimal curative dose of the vitamin hy
mouth in rats was 0.004 mg. in the present serics of experiments. In
9 pigeons, a dose of 0.003 mg. injected intravenously abolishad the
symptons of polyneuritis in 4 animals for 2 to 3 days, and in 5 for
4 days or more. The figures in this investigation with hoth rats
and pigeons correspond closely to those reported by other workers
for the natural crystalline vitamin,® '*7* and fully: confirm those
claimed by Williams and Cline® for their synthetic product.

Other pharmacological effects are also similar when the natural
and the synthetic compounds are compared side by <ide. In an
etherized cat weighing 2.63 kg.. doses of 3. 20, and 30 mg. of the
synthetic product. injected intravenuusly, caused a slight decrea e

® Bmitk, M. 1., Pub. Health Rep., 1939, 43, 116,

W Dunun, F. P, J. Nutrition, 1930, 12, 461,

1 Cowgill, G. R., The Vitamin B Requirement of Man, Yale Press, New Haven,
1934, 29,

12 Jansen, B. C, P,, Kinnersiey, H, W,, Peters, R. A., and Reader, V., Biochem.
J., 1930, 34, 1824,

13 Ammerman, M., and Waterman, R. E., J. Nvtrition, 1935, 10, 25,

1 Waterman, R. E., and Ammerman, M., J. Nutrition, 1935, 10, 161,




460 EsSTROGENIC PoTENCY OF HUMAN URINE

in respiratory volume, but no changes in respiratory rate, blood pres-
sure, or heart rate. Similar effects were observed with the same
doses of the natural vitamin. Neither substance produced ‘¢onges-
tion or necrosis in the rabbit’s ear by subcutaneous in jection in the
dosage of 1 mg. dissolved in 0.1 cc. of saline. The minimal lethal
dose (M.L.D.) in guinea pigs is the same with both the natural and
the synthetic products, by intravenous injection, as shown in Table
J1. The vitamin solution employed for the toxicological study was
2% in cach case, and the weight of the animals varied from 210 to
265 gm. Clonic convulsions occurred after doses of 150 mg. per
kg., or more, had been administered. Those animals which sur-
vived the sublethal doses recovered completely within 134 and 5
mintes, apparently without any after effects,
PARLE 11
"Toxieity of Notural and Synthetic Vitamin 13y Hydroehloride,

e st ettt ——

s e o o e
Vitamin B HCT Dose No. of Pigs Wed Over MLD,
. No. Used -

mg. ' mg.
per S per
kg. kg,
a0 1/1 T
200 ) 1/1
180 : 2/3

Synthctie 160 n¢2 180
150 0/1 .
1000 0/1

180 2/2 ‘
Natural { 160 1/3 180

Suntmary. Results obtained in animals indicate that the natural
crystalline vitamin B, and the synthetic product are identical.
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THE FFIECT OF VITAMINS ON ACID FURMATION IN SALIVA!

0. ¥.. FANCHER, J. C. CALANDRA avp L. 8. FOSDICK
Chemittry Department, Northwestern Unircrsity Dental School, Chicago, Ill.

Tn 1026 (1) 5t wes suprested that the mechanism by which acidy are formed in
the mouth may he analogous to the serics of chemien) reactions that take place
daving the metabolism of ¢arhohydrates in musele tissue and in fermentation
Ly vions mictoorganicans (2,3, 4, 5,6, 7, 8). Since that time it hns been shown
that the nbove :upcestion is true (9). Turthermore, it has been shown that
corlnin chemical compounds that are known to inhibit these reactions also
inhibit dental eaviea.  More recendly it has been duenonstrated that the vitamins,
particularly the e of the B comples, play a very important role in the metabolism
of crboliydrates (10).  If this is true, it would furnish a theoretical basis for the
varions ¢linieal reports concerning the effects of vitumins in the development of
dental emics,

1t. has been reported by Knicener (11) that people suffering from a vitamin B
deficieney have very little earies,  Other clinieal reports indicate that vitamins
A, and C may influence cories activity (12, 13, 14, 15, 1G6). On the basis of
Whese reports it wes thought that a study of the effect of these vitamins on the
rate of acid formation in saliva would be of value.’

LXPERIMENTAL

1n view of the difficultics involved in producing und estimating acid forimation
in saliva, the acid formed wos determined by its solution effect on human enamel.
This eliminates the dilicultics encountered by hoth the titration method and
the measurement of piT, and produces conditions more like thuse which occur
in the month,  As the acids are neutralized by the human enamel ns fast as they
are formed, there is ng drastic increase in the acidity, which would materislly

* inhibit, the acid formation by the normal oral bacterin.  Furthermore, it fur-
nishes nn indiention of the acids formed in excess of the normal buflering capacity
of the raliva.

Saliva wns pothered by paraflin stimulation, well mixed, and divided into
several different portions of 10 cc. ench, One sample of the fresh saliva was
onalyzed for ealeium.  To each of the other ramples was added 1 gin. of glucuse
and 0.1 pm. of 300 mesh powdered human tooth enamel.  In addition to this,
appropriate amounts of the test materinl were added to the samples, with the
exception of 2 that were uscd a8 controls.  Two gamples of cach concentration
were made up in order to securo checks. The samples wero then sealed and

t Thim work waa done under a grant from the Good Teoth Council for Children. Received
for publication Deecmber 8, 1043, '
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placed in a water bath and incubated at 37° C. with constant agitation. This
constant shaking is eseential in order to facilitate the solution of the cnamel as
fast as the acids are formed. After 4 hours of incubation the samples were
removed and analyzed for caleium. This procedure is essentially the snme as the
chemieal test for cavies susceptibility ( 17). The acids formed were expressed as
milligrams of calcinm dissolved per 100 cc. of saliva.

The cffects of heta carotene (vitamin A): thiamin chloride hydrochloride
(vitamin DBi); riboflavin (vitamin Ba); pyridoxine (vitamin By); pantothenic
acid: nicotinic acid; nicotinic amide; para aminobenzoic acid; ascorbic acid
(vitamin C); calciferol (vitamin D); alpha tocopherol (vitamin E); 2-methyl-
1,4-naphthoquinoue; vitamin Ky and cholesterol were studied. In addition
to the above, “‘Cerophyl,” a commercial product, prepared from grass and
containing the grass juice factor, was studied.

RESULTS

The results are shown in Table 1. It should be noted that the calcium con-
tont of the fresh saliva indicates the condition with no acid formed. The
results of the control sample indicates the acid formerd during tha incubation
period when no test material is present. Any material deviation from this
figare with the use of the test material indicates cither a stimulation or inhibition
of acid formation. As can be seen from the table, it is evident that under the
conditions of the experiment only onc of the vitamins, vitamin K. produced a
drastic decrease in the rate of acid formation. This compeund in a concentration
of 1.3 m~=./100 cc. caused & complete inhibition of acid formation. There was
gome ovidence that thiamin, nicotinie acid, “Cerophyl” and cholcsterol may
cause a slight stimulation of acid production.

DISCUSSION

In ronsidering the above results, one should bear in mind the probable mecha-
nisme invalved in the production of acids. For this reason a definite stimutation
or & definite inhibition indicates a specific cffect and should be a criterion of its
cffcet on dental caries.  On the other hand, if no effect was observed, it dors not
mean that the vitamin would have no cffect on caries. It is well known that the
role of vitamins in carbohydrate metabolism is execedingly complicated, and
that combinations of vitamins with other vitamins or with other compounds or
ions may be necessary to cause a stimulation. .

1t is intercsting to nate that although checks were made using the saliva from
of e 4 2 individuals with cach vitamin, the results of certain of the vitamins
varied aomewhat from individual to individual. This was partienlarly true
with the meinbers of the I3 complex and with cholesterol. Thus, it may well be
thut in thoen cases in which no effeet was abserved, or in which variable reanls
were obtained, a stimulation eould be produced, provided the proper combinn-
tions could be found, or providing a deficiency of any of the vitimins exi 1ed,
"This 33 demonstrated by the fact that although none of the individunl memhers
of the “B complex” causcd n marked stimulation at all concentration:, “Cero-
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TABLE T )
Effect of various vitamina on acid production
TUse B AMOUNT APDED cALCtUM
mg./100 cc. mM./L. mg./100 cc.
g-Carotene
" Fresh saliva 5.2
1. Control 0 0 2.8
2. 12.5 0.23 23.2
3. 24.0 0.46 21.5
4. 50.0 0.92 20.0
5. 100.0 1.4 22.0
6. 200.0 3.68 20.3
Thiamin
Fresh salivn 4.5
1. Control . 0 0 13.9
2 14 0.58 19.5
3 28 1.16 15.6
4 56 2.32 12.6
5 112 4.04 13.7
) 224 9.28 14.7
7. 48 18.56 16.6
Riboflavin
Freah saliva 5.2
1. Control 0 0 15.5
2 4. 0.37 15.7
3 28 0.74 16.5
4 56 1.48 16.7
5 112 2.96 16.8
6. . 22 5.92 15.9
7. . 448 11.84 16.0
Pyridoxine ),
Fresh saliva : 5.2
" 1. Control 0 0 24.8
2. 12.5 0.7 _ 21,0
3. 25.0 1.48 18.5
4. 50.0 2.90 20.0
5. : 100.0 5.02 20.0
6. : 200.0 11.84 18.8
Kicotinle acid .
Fresh galiva ' : . 4.8
1. Control 0 ¢ 0 18.7
2. 14 1.13 24.3
3 o 2.26 19.4
4 £ 1.52 17.8
5 112 9.0 1.0
6 224 18.08 13.2
7 418 . 36.16 22.4
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TABLE I—Continued

TUBE AMOUNT ADDED CALCION
mg./100 cc. maf./L. me./100 cc.
Kicotinic amide .
Fresh saliva 4.3
1. Control 0 0 17.2
2 14 1.14 17.1
3. 28 2.28 16.5
4, 56 4.56 16.0
5 112 0.12 22.6
6. 224 18.24 17.3
7. 448 36.48 15.2
p-Aminobenzolc acld
Fresh saliva 7.5
1. Control 0 0 23.5
2 10 0.73 21.5
3 20 1.40 21.0
4 40 2.92 18.5
5 &0 5.84 18.8
6. 120 8.76 17.5
7. 160 11.08 17.8
8. 200 14.60 16.5
Calclum pastothenate :
Freah saliva ) 7.5
1. Control 0 0 23.6
2. 10 0:19 23.5
3. 20 0.38 22.0
4. 40 0.77 21.5
5. 80 1.55 19.0
0. 120 . 2.33 19.0
7. 160 3.10 19.0
8. 200 3.88 18.0
Astorbic acld
Fresh snliva 5.3
1. Control 0 0 24.8
2. 12.5 0.71 21.5
3. . 25.0 1.42 21.0
4. : 50.0 2.8 21.5
5. 100 . 5.68 21.5
6. 200.0 11.38 21.5
Viosterol - t
Fresh ealiva ) . 5.3
1. Control 0 0 21.8
2. 12.5 0.32 21.8
3. 25.0 0.64 20.7
4. . 60.0- 1.28 17.6
5. 100.0 2.56 18.5
6. 200 5.12 24.0
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TABLE 1—Continued

TUME AMOUNT ADDLD CALCITM
mg./100 ce. mM. /L. : mg. /100 ec.
a-Tocopherol .
Fresh saliva 5.3
1. Control 0 0 24.8
2. 12.5 0.29 22.5
3. 25.0 0.58 22.0
4. 50.0 1.16 21.2
5. 100.0 2.32 16.0
6. 200.0 4.64 22.5
2.Methyl.1 . 4-asphthoquinone
Frosh saliva 5.6
1. Control 0 0 26.6
2. 1.85 0.078 4.8
3. 2.30 0.133 4.7
4, 3.50 0.203 2.6
5. 8.00 0.405 2.5
8. 11.30 0.658 2.8
7. 18.50 1.075 2.4
Vitamin K, ) ‘
Freah saliva , 5.5
1. Control : 0 0 25.0
2. 500 11.12 11.0
Cerophyl
Fresh saliva
1. Control 0 23.2
2. 10 2.8
3. 50 29.0
4. 100 37.5
Cholesterol
Fresh salive - . : 5.8
1. Control 0 (] 10.0 '
2. 25 0.64 ! 14.0
. 3. 50 1.20 17.5
4, 125 . 3.2¢ 18.0
5. 250 G.48 18.0
6. ' o00 12.96 18.0

phyl,” which is composed of all known members of the “B eomplex” group

- (including the grass juice factor) and vitemins A and C, eaused a significant
stimulation of acid formation. This may explain the resulls of Kniesner, Mann
and Spics, who found a deerenceel earies activity in patients suficring from a
vitamin B deficicney, but cculd not find a sinnitieant differsnee in the salivary
coneentration of certain members of this ~rour of vitamins,  Althoush it i<
probable that these results on individual vitamins may not indieats stimnlating
f'ft'vvts of certain combinations, it iz ales possible {hat combin:ion= moy pronece
§|1l|il>itirw;: cliccts. This is extrem~ly unlii-oly, however, as all of {he known
nhibitors at piusent are single cotnpounds.
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One should also keep in mind that the saliva used in these experiments was
taken from dental students who were in good health but. who were caries active
individuals. The diet of these individuals was adegun-e, and hence it would
be expected that normal amounts of all of the vitamin- would be present in the
saliva. Insofar as the vitamins are usually active in very small quantities, it
is quite possible that the optimum amount of each wu~ present in the original
samples. However, as it would be impossible to remove these from saliva, no
attempt was made to do so.

In view of the fact that the synthetic vitamin K completely inhibited the
reaction, it would be interesting to know if this action has any relation to its
vitamin K activity. For this reuson, sume of the extremely unstable natural
vitamin K; was svnthesized and tested. Due to the cost and difliculty of
synthesis of this compound, the effect was tried in only 1 coneentration—500 mg,
per 100 ce. A definite but incomplete inhibition was observed.  The 500 mg.
per 100 ce. caused an inhibition of over 5095, This would indieate that the
2 actions are not elosely related.  Furthermore, we have since tested many
other anti-oxidants, several of which were also tested by Armstrong (18).
Many of these compounds act similarly to 2-methyl-1, 4-naphthoquinone.

Cholesterol, which is now cousidered as having vitamin properties, usually
showed a stimulation of acid production. It is interesting to note that Krasnow
* (19) found a definite trend toward high cholesterol concentrations in the saliva
of caries active individuals. :

SUMMARY

. The effect of most of the known vitamins on acid formation from fermentable

sugars in saliva has been studied.  Only cholesterol, “Cerophyl”, a mixture of
vitamins, and possibly thiamin stimulated acid formation. Synthetie vitamin KX
(2-methyl-1,4-naphthoquinone) and natural vitamin I{; (2-methyl-3-phythl-
1,4-naphthoquinone) inhibited acid formation. There was no indication that
this action bas any relationship to its vitamin K activity,

We wish to thank the 8.M.A. Company, the Abbott Laboratories, and the Cerophyl
Laboratories for furnishing many of the vitamians.
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The second thiaminc-decomposing bacterium, discovered by Kimura ¢f al.
(1, 2) was named by the Vitamin B Rescarch Committee Bacilles ancurine-
ivticus Kimura et Aoyama (BKA) (3). By studying the properties of the
enzyme produced by this bacillus, it was found that the action mechanism of
the enzyme is completely different from that of Bacilins thiaminolviicus
Matsubawn et Misawa (BMM), shell-fish, fish and plant sources, which have
becn studied so far.

EXPERIMENTAL METHODS

For studying the effects of various amines on the cnzyvme, the properiy
diluted enzyme solution was incubated at 60° for onc hour at pli 7 with 1
of thiamine in a total volume of 20 ml. The amines were used in a tinal
concentration of 10-3 M. . The remaining thiamine was estimited by the
thiochrome method.  The whole procedure was the same as was described in
a previous paper (4).

For detecting the pyrimidinc and thiazole derivatives. paper chromatography
was used. In many cases the fluid, adjusted to pll 6.5, was dricd on the paper
strip and developed with acetic acid-n-butanol-water (1:1:5).

For detecting thiamine, heteropyrithiamine and guinothiamine, the [luore
scence at the ultraviolet irradiation was used.  For detecting other substancoe
Dragendorff reagent, as was used by Zaffaroni (6) was found to he useful,

. In" many base-substituted pyrimidine derivatives the spots tailed and the
RF values were not clear. In such cases the fluid to be tested was made up
to 3 Nin final concentration with HCI solution. After development the spots
became very sharp and the Ry values could casily be determined. [t is note-
warthy that the Ry values of thiazole derivative and pyrimidinemethylaniline
moved very markedly to the lower Ry side after acidification.  Some Ry values
of the pyrimidine and thiazole derivatives are shown in Table I

*! The results of this paper were presented before the Second International
Congreas of Biochemistry in Paris on July 22, 1952

1
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Table 7
Rr Veluss of Pyrimidine and Thigsols Derivetives.
A:pM &5, B:3 NHCl
Duveleping salution: Acetic acid-n-butanol-water (1:4:5),
Defecting solution ! Dragendorif rcagent or fluorescence.

Pm: Swmthyl-demino-pyrimidine
0. aramgs. 1, red. v, violet, {1, fluoresence. ‘
T R T oy Y e g o= --n-:-v——--—---wa-— - m—— e e -—-a~ T EIIE &
—— o ITTWe T Color TP Color
Thismine 0.22-0.25 | or | 0.17—0.19 ! ¢
Pm ‘ . 43 vr 0.37 "wr
. PmCH,0H . 32--0.38 vr 0.27-0.34 r
PmCiiy . 16 Ve
P l’.mo 0.38 ve
'Azuihaf 0.72-0.7% vr 0.43-0.48 vr
wNurumlmo 0.72 or 0.68 °
.ﬂ-mttamhne 0.64 or 0.64 [
itrosniling Q.62 or
noline 0.246-—-0.33 fl
‘. idige 0.2 4
ydroxy-ethyl 0.92 v | 0.36—0.39 v

) EFFECT OF VARIOUS AMINES

As m previously reported (3), the enzymic activity in the supernatant
d [ m:r broth culture at 37° rises remarkably afmr 3days and resches

Y ) * Table IT
‘ }'_' L Effect of Various Amines.
. ﬂ 7, 00°% 1 hour. The llul concentration of the amines was 10-' M.

“& £ P, - pyrimidine.

b
".v\- R T R T I T T T T T T T S e, e

_Substance . | Per cent activnnn
- ’ -30.2
. " . e , 0
[y , .. . . :1:-‘
" . iy . -11.6
ailise T v R BN v 1
) 4 B - A Y 3 -32.2
v‘.-‘uli . v g
lie .ﬁ? t ! . ‘g.
: Rl 7 T X bNmtyﬂhyl thiazole "-‘ ~638 " -
. W by A mia oS-l yiPm - ::z} _ .
P ‘~\ I : '1 i ‘l"“ ‘f“:& M" et .-m‘_- : l ‘.}. .
“ '] ' w’[ *j‘,ﬂy\w ".’m rjh"d.c f&g.‘ 3 ! .:' - ’
-k ‘- B vt (v TR ?’1 sien, TR e oA
"J:!'-ql .. Py "M“."“‘NMQ " ‘. il. Ry ‘a’ v *‘M'i* ~p‘°,. PR |
- R IR R YL SE? R
. »o

L, ag ) Glu ‘hinous - T R
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experiments with enzyme solution instead of washed bactervial cetls showed
equally the inhibitory cffect of aniline on the enzyme.  The test tor the
correlation of various molar ratios of aniline to thiaminé 1o the formation of
pyrimidinemethylaniline as well as the degrec of activation by aniline showed,
as can be seen from Table V, that pyrimidinemethanol was formed in low aniline
concertration, while pyrimidinemethylaniline was formed in aniline concentration
higher than twice that of thiamine,

FORMATION OF BASE-EXCHANGED PYRIMIDINE
DERIVATIVE FROM PYRIMIDINEMETHANOL AND A BASE

The test for the formation of a base-exchanged derivative from pyrimidine-
methanol and a base, resulted as shown in Table VI and demonstrated that

Table VI
Reaction of Pm-CH:OH and a Base.
"PmCHgOH + BH — Pm:Cly+B + H,O0,
PmCHyOH, 5 mg.. BH, 50 mg. 37° 24 h. Th, &-methyl-5-8-hydroxyethyl

thiasole
T am ... Formation of Pm+Cll,-B
e . _BKA . BMM
Aniline : +
Pyridine -
Quinoline - .
Th, * :

* 25 mg of Th was used to 5 mg of Pm-CH,OH

the base-exchanged derivative was formed only in the case of aniline. No
other bases formed the pyrimidine derivatives. In the case of the BMM enzyme
no formation of pyrimidine derivatives from any base and pyrimidinemethanol
was demonstrated.

SUBSTRATES FOR THE FORMATION OF PYRIMIDINEMETHYLANILINE

Several derivatives of pyrimidinemethanol were tested as the substrate for
the formation of pyrimidinemethylaniline in the presence of aniline. As shown
in Table VII, pyrimidinemethanol can be replaced by pyrimidinemethylamine
but not by the substituted pyrimidinemethylamine.

Table Vi

Swisirates for the Formation of Pm+CHg+An

PM'Cng + An - Pm—CH.-An
Pm+CHeX, 5 mg. An, 50 mg. pH 6.5, 37°, 40 h.
- e eee——— . =3 = = - T TR
X . Formation Pm«CHo-An

___BKA BMM
+
+
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f. DICOMNSITION OF BASE-EXCHANGED PYRIMIDINE DERIVATIVES

- It was ogbeerved that thiamine was formed as the reverse reaction of thia-
minmie by incubating the BMM enzyme with the base-exchanged pyrimidine
devivative and the thiazole moiety of thiamine (4). . Therefore, an experiment
wits made to test if the reverse reaction of the BKA enzyvme is also possible by

_incubating the enzyme with pyrimidinemethylaniline and it was found. tha

the ructim really takcs place as shown in Table VIII contrar) to the case of

Toble VIII ‘
Decompesition of Base-Exchanged Pyrimidine Derivalives.
h-CH.-I + H.O -+ Pm.CH,OH + BH. Pm«CHsB, 5 mg.  pll 6.5, 37°, 37 h.

.C Formation of Pm-CH,0H
L cu,n | o | " BRA BMM
Aﬂllwhllmm Aniline . F
aun:yruhu-inc , Pyridine T+ -
iamine Quinolinc + -

the HMM myme ln the case of pyridine and quinoline, the reverse reaction

of the above was not. demonstrated (Table VI).

DISCUSSION

* Fromthe above findings it is evident that the thiaminase of BKA is en-
tirely. different fram the known thiaminases of various origins.  The chief
m‘m are summarised in Table IX.  The most remarkable difference is

R S Table IX
¥, 'Y 7" Comparisom of the BKA Ewayme with llu BATAL Ensyma.
;.'. e I 4-.'; Tt “Jr CWREA T ki B - B = Sl . r -
—— .t S B‘KA - l BMM
s imam mnmamre Co - 60° Co 30°
a3 ; Optimum ' i|atibut 8 o 5
onditien of :nbl.ctlvanon -4 80%, zo mlni 100°, 20 min,
v by bases .« . hibit arkable activati
O Formition by thla ° m or in ory remarkable ac nnhmrx
appsition o1 o [ v ke S R
Pui-CHy+B formation from thia-. | * _ Vi
+hase (except snilige) L ' \ +
aniline ‘s i +
*Aa formation from
OH 4Anilige , 1.t -
?Mwlllvn frm s . PR
" :J._ + . ' .-
fe e g o - o B

o

the mlm of the base exchange re‘acunn and that the dcccmpasmon products

of thiamine are pirimidinemethanol and the thiazole moiety, i. ¢. this cnzyme

" is the real thiamine-hydrolyzing cngyme snd the thisminases, which have been

‘smdicd' in the past are in reality the hase exchanging enzymes of thiamine.

. For conveniepce sake, we called the new type of thiaminsme in BKA enzyme
__"Thmfnase g" in ef""m’tf;’ m#mn type of’ Wam- which.may now

.i. - b PR | . ga e
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fow far thiamine synthetized by the inteatin:l! “Hreteria
can be utilized denend - on the resorntion canacity of the
intestine's dist:l section, bhesides ite denendence on the
bon? with the bacterium e2ll a1” bacterial destruction
in the intestine, The literaturc on thiamine resorntion
offers contradictory. test results, 211 of :izh were obhtnined
in ca =city exveriments with oral, rect.l or intracecal
an~liecation (1, 2, 7, 11, 13 - 15, 17, 19), e thernfore
attemnted to clarify the course of the resorntion an” the
resorptlgg efficiency of singl dintestin.l rcctors =ith the
ai? of S-thi mine,

Test methololos

A¢l) 42 femile rate, s olc, weight 170 5, of the
Jictar ty»e from our own breed roceived, 24.nour- after
g thholiing of th. breeding diet, 1 ml of 15u-
T7%=tihl minohromidehy rerbrominal in 9,71 n - rochloric ucid
solution, with -n activity of 15 pCy amini - tored with the
giwteic orobe, LItur 12,292,79,67, 129, 247 and 43D ninuter,

2unimels ench are kille® under etherization and nein uincted,

e eatire gurtro-intestin .1 tr ot an’ th. livor are
nre- red for ex uiniiinng we thoreby ruddivide” the emoll
intestdpe into four cju:ll, long sectionr, £t - doarice tinn
at 175 7, we incinerate th. ors; n8  (nlicuot o ortir o° toe
liver)} accordin; to tho  IJID.2N and o oD rocedure, (7.2),
nmoc¢ified by F007ICH S (B3)e @ rocinii te tht roTiocactive
sulfat> ac bariuw ¢ 1t, whoredy we add  veliclen. Top t-o
rur~oce of nearureient  in the viecinity ol the i-Tinite
Locer thickners zone, <he e cuving v lues obisina’ with a
beli-tyve thin ajéerturs. (Jeiser)eounter 77 reztifisd
rooarding self-absorntion, »roqar.ti-n dist nece an® eti- it
dI‘O’J. . :



2) 4 groupe of 3 anim:ls euch are kest in
metabolism. cages under the same apnlication concitions;
feces and urine are collected senarately in the course
of 24 hours., 2 hour. after the thiamine administration
the animals are given free access to the usual breeding
fodder; the latter consists of 16,5% rye grist,

16,5 % barley grist, hurley bre.d, 6,5 j wheat bran ,
33,0 % boiled potatoes, 26,5 ;; boiled centrifuged nuln

and 1 % sodium chloride. According to the overating
procedure indicated adove, the activity of the r  ioactive
sulfur in the urine and feces i~ meaured anl the averag
per animal is computed,

3) Follow}gg or:l administration of thiamine, we
observed the S blood lovel for 8 hours in 6 animuls
by currently taking 3,2 ml blood from th. sinus
retroorbitalis 1); the sulfur activity was subrequently
determined with the svecified method, For th. purvose
of translation into tot:l blood (values), a blorod
volume of 7 ml serves a: a basis for wnimals with a
weight of 100 g, according to the data of 3UILC'IIR and
HARRIS (3). |

Be 24 animzls, selected and prepared as. gpder Al), indi-
viduelly received during etherization 15 ug 355_ '
thiaminebromidehydrobromide according to following
lakrotomy, injected into th: eecum 1), .fter 20.

60, 240 ani 430 minutes we killed 6 animals euchjas 2 ter
oral application , ths g cetro-intestinal tract and liver
were removed and blood samples were taken ; = procecsing
followed, ’

. Ce 42 rats of the sége age, sex and weight an in

lest Al) received 15 pg 35 S-thi:minebromidehydrobromide
in 2,5 ml1 physiologic common s8alt solution, injoccied

into the tail vein, without withholling fodler before or
after the ap lication, .fter 10, 20, 90.-60, 129, 249 ané
130 minutes , they ‘are- kil.ed in groups of 6 ; blona?d, stom -ch,
intestine and liver were romoved hére as woll, lefore
procecsing the orgons with the customar: method, we
carefully removed nart of the content from the cingle

- intestine sectors; the content: ic dried i.: the £ me way

as the organ s:ctors, incinerated and ex mined for sullur
activity. )

1) we are ec-acially grateful for sur_ery nerformed
b Dr. habil K3iRZ. ‘



‘ry - welght of the 4
3 13 : D rats: 0'39‘| . fter .

incineration in the 50 ml KJ.LDAHI-f1 sk (with chort ncck)
on sand bath with 3 ml 735 HC104 und ; ml 2392 IKT
reagent (20 % Cu(NO3)3, 5 » Na Cl03 in w,), t1. clear blue
solution iz evuporated an? tho residue i incor orated into
11 m1 3,5 % HCl-solution while heated, ¥ehicle additive:
7,25 ml nH2S)4e The BaSO, i~ precipitated with 4 ml ‘
5 % Ball2 solution and fil%eted out 12 hours later , uring
a ~ynthetic suction filter., The filter with i, is
ctretched over a reversed voly-tyrol cup an' dried under
an infrared lamp. ieighed analytical wroduct: 63,3 mz,

Activity measurement: srobe i nmcter - 1,5 cm;
dizmeter of the counter tube window (1,6 mg/om®) = 3 cm;
orepraration di-~tance ® 7,3 cm; testing time: Jul. 67, 1959,
1) a.m., Counted: 1300 imp. in 2 min = 990 imn/min.,

Rectified: 1) Dict nce from prenaration, it a
ddiatance of 3,3 cem, 19,75 5 of the im ulses determined

930 , 190
at a distance of 1,3 were verified: 19, =

4556 imo/min. 2) “elf-absorntion. Jith 63,3 ng 3250 , tae
’ 4
self-absorption factor i- 0,13% accordinz to the czlibration
ourve nlotted under the same conditions, iccoriingly, tae
‘ 4;26
result of th: rectification is:™7, 13 = 24239 imvn/nin,
3) Activity drop since the start of the test on Jjune 18,
7 a.m. , time since start of exseriment = 19,5 days,
t N

half-1ife neriod T = 87,1 days, T = 0,2230" 0" =

: B 2422@ . 10 0
596 b, No = = ’6; = 23519 imn/min,

Specific activity rel.tivel, to the dry weight of the |

intestine is: 28510: 9,394 = 72367 imn/min . Ze Phe
impulse count for the intestine sectisn of =2 rat reculted
from 28510 : 3, i.e, 9593 imos/min., Since under ifentical
conlitions 9,06 ug (0,06 PC) of the sun 1ied thiamine
recults in 2995 inmn/min aan” 15 }a» l.es 7477.C in/min,
08502 , 170
an aver.ge of T7i% = 1,27 5 of tae a-slied 245+ i
determined in e:ch of the investigated intertine sectors,

‘he values deotermined per rat arc averaged with thoss of

a varallel investigation in the course of

- 7 -



which the organs of 7 additional rats were nrocessed

~according to the same method,

Result: and Discussion

The chrpnological course of the activity in the

gastro-intestinal wali,iﬁtba tot.l blood volume an’ imt4e
liver is chown in Figure ] according to the nercenta e
of the applied dose, Uifh oral administration, morimal
resorption is achieved after 20 minutes, I.cor:oration and
demobilization occur varallel; in ths liver thereby.

i€ a result, th. muimcl content adjuste after = hour~ in
‘asymptomaxic aporoximation., On the other h.nd, the
.thiamine sulfur storage which follows the i.v, injection
terminates .already after 20 min,

After intrécocal application, the ﬁazimal activity
percentage in th- gastro-intestinal wall is ¥, in the
blood 1/3 anc¢ in the liver 1/7 of the m.iimzl value in
case of oral adminivtratioh. The resorntion cunacity of
the lowsr intestin:l cector- is thorefore surctmtinlly
below ths resorntisn cunacity of theo ub;er sectorn,

In conjunction witn thi- test , one of us () received

an injection of 1 mg thisminc on the occa~isn of n

appendectomy, adminictered in.o ta. cecum. urplu:

excretion in the urine during the 24 hours following the

injecti m indicates that merel: 3 ; of suid ﬁosé was recorved,
The summation of activity values foun within 2 hours

in tho‘liver, intestine and bloo” re ultc in 36 5 of

th. or.lly anvlie? ridioactive thi mine —ulfur, during that

time, 15: anveared in the urine, an”  ih: non-re~orhe?

quota excreted in i:e feces amounted to 3. (Fijure 2, )

-4 -



e Tntrevenour,
X=¢ = ®ox 1ntraceca1 annhlication)

1) £ of the applied dose; 2) gictro-intestinal wall;
3) total blood; 4) liver; 5) hours.

3 ¥6 hours: 41,5 % Th ihe urlne an? 14,5 in tn fecer),
10 dmp ,
1) nlg 3 a#!no 2) . of the dose in the urine;
3) 10 imp.min € in urine; 4) 7 of applied dose in t%c urine ;

3 .
5) 10 im/min g in the feces ,3 :) 5 of anvlied dose in th- = =ces;
imn
7) /% of dose in the feces; 3) min g Teces  ; 9) urine; 17) 7-ces.

-H -
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pine resorption in the rat;

FIGUZE 3.

1; 103 imp/min/g dry subatance; 2) hours; 3) stomach;
4) s=mall intestine; 5) duodenum; 6) cecum; 7) colon;
8) rectum; 9) liver,

A tot2l of 59 4 of the administered volume is thercfor:
determinable after 8 hours. The balance of 413 is vresumably
stored in the muscle system or is still in the intestines,

Pigure 3 sows the activity measured at variou- points
of time following orzl thiamine ingestion, a:- a function
of the weight unit of the dry stomach- an’ intestine wall as
well as of the liver, In the individu:zl ' wall sectors,
said activity is obviously determined by .local resornstion
in each cacse, - The course of the curves and the chronological
maximum deviation corres;ond to the intestinal tran=»ort.

- 6 -



The test teveals that the entire sastro-intestinal tr-ct
i~ capable of resorption, and that most ot the thiamine
i~ resorbed in thé duodenum an’ in the small intestine.
Activity valuee for the wall of the stomach, cecum,
colon and rectum rose in the course of the ex-eriment, but
resorption efficiency is less significant under conditions
which involve oral application, It i~ remarkable th't a
| second activity marimum develops alfter a bri:f neriod of
time in the duodenum and in the frontal small ihtéstine.

ithen an'identical thizmine dose is intravenously
administered, thc maximal activity value i verified in
- the duodenum wall 10 minutes after the injection; the test
readings for said aétivity show bilater:l decline which is
stee) relatively to the stomach, and gradual rolatively to
the colon and rectum. During the folloring nerio? orf time, all
impulse counts regress, except for the stomach, wherehy the ‘
activity ic distributed in o com:arativel: regular nit-ern
over th. entire intestine; onl: the duodenum value stan’s out,
The develonment of the activity which i< bal-nced. excent
for the duodenum, nroves that with enteral apnlieatinn,
local resorption ir the nrinciral cause of activity con-
centrdtions in the wall of the dizestive tract,

Inpulse frequency likewise increases at'tor irtracoeanl
administration whonever thiamine cones into
direct contact with the intestinal wall after the occufence
of resorntion : in the 4th sm:.l’ 1ntestiné cector, in the cocun,
~the colon and ih the rectum (Figure 4),

-7 =
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FIGURE 4, aiamine resorption in the rat,intr.cecal

1) 303 imp/min/g dry sub-tance ; 2) hours; 3) stomuch;
4) duodenum; 5) small intestine; 6) cecum; 7) colon;
3) rectum; 9) liver,
The com)aratively minor-aétivity of the wunver iﬁtestinwl
sections shows the same distribution as determinabl: in case
of arenteral anplication, ilaxin-.l values in th- cecum, the
vrinciral site of the resorntion, are 2/3 lower t' m in tho
u» er small intestine in ca-e of orul ingection, Tie test
definitel& indicates that the poscible resor»tion efficiency
of.the single}ihtestinxl sections ir determined by the av:ilsble
supnly of resorbable thiamine,

21e vpreferred involvement of the duodenum an’ of tie
front:1l small intestine in activity distribution after
intravenous or intracecal thiamino admini-tr.tion, 2s well as
the secon’ activit, maximum which occurf there soon after or -1
avnlication can be due either to ihtensified metabolis magnitude
which parsllels th: resorption c.. acity, or tacy can be
con itional on . enterohénatie circul:tion.



-n enterohesatic Vitamin B circulation wae surnected
earlier by MARIHURA (3)e According to the investi-utions
of BAGLIONI and GIARDINI (16), however, thi mine ir not
excreted with the bile; On the othe: hand, endogenous
excretion in the intestin: i b>lisvel to be certain,

Thur [ieCARTIY an’ collaborators (190) as well a~ . ; R.T

and CURECEDO (18) detected minor activity volumes in the
feces of rats and rabbits resvectively, after intramu-cular
and 1ntravehous injection of S=thismine, Identical
fin'ings of JACONO and JOMISON (6) and DR&AER (4) are
avallable; ‘they administered thiazole-l4c-thivmine
intraperdtoneally to rats. e found during tho examinztion
of rat feces that t e minor activity of the sulfur, as

a function of the dry feces weight, remain near-con-tant

53 to 96 hours after oral apvlication a- woll ar 96 houfs

after intravenous appliceation.

1) 103 i 1/min/g

L - - N dry Sub-iance;
st VF - L3 | e . . 2) Stomactl
s ‘? N A e --4"'5- 2 3) duodenun :
P ST L& ¥ —— M- 4) swall intertine
L. o | em—— P 4 o
2 I R 5) colon an’ rectum
— g - 6) cecum,
e (ole # achm >

-

<

' N B
’ y3 J [} £ ] 75d 8

° Jop /vin/g Tochescavions | "

-4
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PIOURE 5. =sadioactivity of th: inte  *inal contants ith
i.v, In-ction of 15 B2 (15 ul) - o
L

T9Swthi mine.

-9 -



Figure 5 shows the readings of our test in the course
of which the sulfur activity of the gastric and intestin .1
contents was observe& after intravenous'thiamine administration._
The m-ximal activity ocours in th: duodenum w7ithin the first
ten minutes, and in the frontal small intestine within the first
thirty minutes. luring the foilowing period of time th: activity
maximum progresses . cownwards in the small intertine,
ac it does after oral application, The above activity
speaks in favor of the assumption that the thiamine sulfur
passes through the emall intestine and reaches the Juodenum
jointly with th: bile through the ductus choledochus, Minor

activity volumee are eliminated with the gastric juice ar well;

maxim .1 values occur here between 2 and 4 hours, ihe impulce
counts for the cecum contents show a pronounced elevation after
4 hours only, reaching the rectum after 3 hours, It remains
questionable whether thi: phsnomenon is accrib.ble to. the |
delayed vassage of the digestedlmatter through the cecum, or
whether the excretion of active substance in tae colon ans
rectun is to be held responsible, |

Findings concerning - eneterohep.tic circulation are
confirmed by‘a comparison of svecific activities in the -

T T ¢ gastro-incestinzl wall @ad the rastro-

intestinnl contents, foilowing intravenous injeetion, . hile
a concentratién_decline from contents to wall i- ~resent within
the duodenum area mnd the area of the sm=:ll intes:ine, t decline
nrogresseg from wall to contents in the stoa .ch, cecum, colorm 2nd
rectum (Table). Jach gastro-intestinal section unounrtedly “as
its specific thiamine metabolism magnitude whic) possibl -

parallels the resorpntion canacity after or.l thiamine ingerstion,
-1) -



We do not believe, however, that said metabolic magnitude
‘is determinable after enteral aprlication, e mu-t
assume instead .on the basis of our test re-ults, that
activity distriﬁution in the intestinal wall after
parenteral admini:tration occurs not only by means of the
blood supply, but also form- through th- csunerimmn=ition

of . enterohepatic circulation,

Haiioactivity of the intestinal wall and intestinal
gontents ' ' ’
 r'age 'for a period of 8 hours after i.v. injection

: 35
of 15 pg (15 pC) S-thiamine,

. 3
Organ _ 10 _imo/min/g dry substance
: - wal 66%¥ente

Stomach 17,6 9,5

d uod enum ' 60,4 6,9
small intestine 1 50,6 ‘8,9
small intestine 2 47,1 68,2
small intestine 3 45,5 70,2
small intestine 4 44,7 63,5
cegum 21,6 3,90
colon 2

rectum ' 43:4 18,9

4hen evaluating present test resulte, it sioull be |
taken into consideration ta1st only the radioactivity of

the total sulfur volume was measured in all cases, The

exveriments - . are based on thorough studies, in an attempt
to determin® " the snecific radioactivity of
thiamine as well as to = identify v .rious

radioactive sulfur compound forms,

- 1] -
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luﬂ Abllauor Vltamln-lﬁ‘ Resorption bei der Ratte

Von
ll. GansMANY, D, LEXow und D, Ennr

W Ahsdemie der Wissonschaften zu Berlin, fnstitut fir Frnahrung in
s M+Mhruoko Arbeitsbereich Physiologic der Kenihrung

_ Mit 5 Textabbildungen
s o (Eingagangen am 25. Novrubi 1959)

il
t

- Aufler von der Bindung an die Bakterienzelle sowie der chemischen
und bakteriellen Zerstérung im Darm hingt dic Ausnutzbarkeit des von
der Dsrmflora qyntlleﬂ!krten Thiamins von der Resorptionsfahigkeit
der distalen Der initte ab. Dic im Schrifttum dber die ‘Thinmin-
resorption vorliegenden Untersuchungsergebnisse. die alle in Belastungs-
teste bei oraler, reotaler oder intracaecaler Applikation gewonnen worden
sind, 'idmupuaheu einander [1, 2, 79, 11, 1215, 17. 18]. Wir haben
daram versacht, mit Hilfe von 8-Thiamin Autschlisse diber den Ablauf
der Resbrption und dic' Resorptionsicistung einzelner Darmabschnitie

zu gewinnen.
Vorsuchsmethodik

A. 1. 42 weiblichen, 8 Wochen alten und 100 g schweren Ratten vom W istartyp
sigenor Zucht wird 24 Std nach Entzug des Zuohtiutters mittels Magensonde 1 ml
einer 0,01 n salasswren Losung von 18 ;i »N-Thisminbicoinisthydrobromid mit cinee
Aktivitht von 1540 appliziert. Nach 10, 20, 30, 60 120, 240 und 480 min werden
joweils 8 Tiore im Atheerausch getdtet und entblutot. Dorgesnite Mugen-Darm-Frak
und die Leber weerden hevasprapariert: dabei. unterteifen wir den Ditnndarm in
vier gleich lange Bbliske. Nach dem Trocknen bei 105°(! veraschen wir die Organe
{von den Lobem aliguote Teile) nach dem von (ikNsick [5] modifizierten Vor-
fabren von Erpany u, N¥aaarp [12]. Das radioaktive Sulfat fallen wir als Barium-
sals, wobei wir Teliger zusetsen, um nahe dem Rereich unendticher Schichtdicke zu
wessens. Die mit eiem diinnfenstrigen (Hockenzihler erhaltenen MeBwerte werden

Selbstabeorption, Praparatabstand und \ktivititsubfall korrigiert.

2. Unter denmelben Bedingungen der Applikation werden 4 Groppen von
3 Tieren in Stoftwoehselkifigen wehalten und im Verland von 96 Std Kot wod Harn
geteennt anfgefangon. Die Tiere orhalten 8 Std vach -der Phianinveralweiching
freion Zugang num gowohnten Zuchtfutter: dieses setat sich aus 15,5 Roggen.
schrot, 16,59/, Gerstenschrot, 6,5%, Weizenkleie, 33,00 ek, Kartofteln, Jh A ek,
Zentrifugenschlumm and 19/, Nutriamehlorid zusammen, Analog der oben ange.
gobenen Arbéitaweise wird die Aktivitat des Riddioschwefels in Harn und Kot
gomessen und duy pro Tier beaogene Mittel berechnet,

3. Bei 6 Ticren verfolgen wir 8 Std den 38 Blutspicgel nach oraler Thinmin-
aufnahme, indem wir lanfe u-l 0,2 ml Blut aus dem Rinus retroorbitadis? entnehmen

! Piir dio operativen Eingbitfe vind wir Horen De, hinbil, Kevz sn besondirem
Dank verpflichtet.



' aud anschlieBend in a der besohnobanen Weiao dis Schwefeh.kuvxm armittehx Za
- Umrechmung auf das Gesamthlut wird filr die 100 g schweren Tiere nach -den
"Angaben von Brr.caer . Hagrss [3] ein Blutvolumen von 7.ml zugrunde gelegt,

i1 B. 24 Ticren gleicher Auswahlund Vorberoitung wie untér A1 werden im Xther.
; rausch nach Japarotomie 15 ug *%8- Thmmmbmmdhydrobmmid ing Caecum
~injigiert!, Nach 20, 60, 240 und 480 main titen wir jeweils 8 Tiere, und wie nach der
“oralen Applikation. werden Magm-Dn-m Trakt und Leber sowie Blat emnommm
und gufgearbeitet. . .
d -C. 42 Ratten gleichen. Altm. Geschlechts und Gewxchts wie im Versuch A1
¢ injizioren wir jeweils 15 ug %S.Thisminbromidhydrobramid in 0,5 ml physiolo-
gu.cher Kochsalzldsung in die Schwanzvene, ohne thnen vor- oder nachher Futter
“zu entziehen, Nach 10, 20, 30, 60, 120, 240 und 480 min werden steta 6 Tiere getotet,
*denen wiederun Blut, Magen, Darm und Leber entnommen werden. Ehe wir die
~ Organe in gewohster Weise aufarbeiten, praparieren wir sus den einzelnen Ab-
, “"schnitten des Verdaumngstrakte vorsichtig einen Teil des Inhalts heraus; dieser
. wird wie die Organteﬂe -e!bst getmcknet, vemcht und auf Schwefelakhvit&t hin
lmbersucht :

; D Arbettslmaptd Mkengemcht der 4. Dunndarmwandabschmtte von 3 Rat-
x iem 0,304 g. Nach der Veraschung im 50 ml-Kjeldahl-Kolben (mit kurzem Hals)
t-euf demi Sandbad mit 3 ml 70%,iger HCIO, und 4 ml Benedikta Reagenz {209/, Cu

" [NO,);, 5%, NaClO, in- W.) werden die klam, blave Lésung abgeraucht und der
2:Riickstand unter Erwirmen in 11 ml 3,5%/giger HC] aufgunommen Tragerzusatz:
025ml ni80,. Das Bs§0, wird mit 4 ml 5% iger BaCl,-Los ung gefillt und
;12 Std danach unter Anwendung einer Kunststoffnuteche abfiltriert. Das Filter
lmt dem’ N. ‘wird iiber ein wingekehrtes Polyltymlschalohen gespannt und unter
einer: Infmmtlampo getrocknet. Auswaage: 63,3 mg.

Aktlntatsmessung Probendurchmesser = 1,5 om, Durchmesser des Zihlmhr—
fenstcrs (1,6 mg/om?) =" 3 em. Praparatabstand = 3,3 om. MeBzeit: 7.7. 1959,
5 19 00 Uhr Amgezﬁhlt warden 1800 Imp. in 2 min 900 Imp/min. :

e

Kon-ekturm 1. Prlpamtabstand Bex 3,3 om Absta.nd werden 10, 75‘/. der bai

x,l,3 cm Abstand gemessenen Impnlne etfaBt. —2%05—,%)2 = mlmplmm.z Selbst-

aorptiom. Bei 63,3 mg BaS0, betr&gt der Selbsza.bnorphonsfn.ktor nach einer
imter denselben MeBbodmgungen c.u.fgemllten Emhkurve 0 ,188, Bomzt argl‘bt dio
,Ko rrekbur ;"1‘8”2 = 24230 mpjmin: 3 Aktivititeablall seit Versuchsbeginn “sin
/18 6 7 OOU!u Za:t sextVersnchsbegmut == 19,5 'I‘age. I-Ialbwezrtuzaxt D= 87 1 Tagc.'.
E, 24230 -100; .7
oy '85,6 L ) o
i Du— au‘ das Mmkoa\c .:\?, »&-M \u wq-m» e(ae\wn Akhv-bb m.a:t
235\0- 0,04 = 1280 Im\almn D Tempubiaokl i dam Dormatas cnei it shvsr, )

,‘-N— = ‘85,6"] "Ny

B}

Tawe Flb aws 285003, 4.5, 9508 lew’m - D2 ©,0l 40,00 C) des vavolafol gan.,
Thosusins wnbar Aansed bin | wirdsn in (easn dir unrirsuchien Darmuendales dhnbt

9¥us . 100
Tm Hitke! .’.__—-—“;’49 = 4 27% dar_oppi. Dokia nachgawiosan. Dhe gvﬁ:?:i%._w

rhalbaven Wavks Gavdan mivr dtpen um?&va(h‘mﬂ-‘h%)ln Aev

. A Ovame, von weittven 3 Ratker ingeichar Wsive  2ufepar louitet
W ki $nd  agwitied.
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ﬁ "*‘Det geitliohe Verlauf der Aktivitkt der Magon.Darm-Wand, des Gessmt-

av m und der Leber in Prozent der applizierten Dosis ist in Abb. 1 dar-
t. Bei oraler Aufnahme wird das Maximum der Resorption nach

‘ *ﬁn min erreicht. In der Leber finden dabei Inkorporation und Demobili-

nobomhundor statt, so deB sich nach 8 8td der Hochstgehalt
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il Appnhtion betrégt det hbéhste Proventsstz der
Iuon Datm-Wand Y/, ims Blut */, und inder Leber /, des
ﬁr nulen Aufnsbine. Dis ' Resorptionsfthighkeit der
b dof somit wesentlich geringer als dio der oboren.
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Harm und Eolausscheidung an S.AMiviidt deé ovaler Apphbation vom S-Thewin
1, . (Gesamtausscheldung In 96 Std: 41,6%, im Harn und 14,8%, im Kot)
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) mnmn.mua-m L e

- k&nm somit nach 8 Std 59%/, der. mbminlmn Menge
isoons werden. Die restlichen 419/, déirflen in die Muskunlatur
ingert weeden oder sich noch im Darminhalt befinden.
1w, dee Abb.3 st die su verschiedenen Zeiten risch oraler Thiamin-
" gasessene ‘ AkSivitdt, bezogen auf die Gewichtaeinbeit der
mm und DtrmWhndwwiedarLeber dargestellt. Sie wird
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i Mp-bmwmm intracessale Appiikatien

h don- dnuhln Wandabschnitten offensichlich 'durch die jeweilige
me Der Verlauf der Kurven und die seitliche
% Mnmimeverschicbung entaprechen dem intestinalen Tranaport. Der Ver-
S*MMMMMMMMWW
Mﬂumwmdunmimnndmmudm
" J)dmderss sesorbiert wird. Dis Aktivititswerte van Magen-, Cascum.,

i ‘,mmmmmuvmuvm-n,da
jonsleistang ist umter den Bedingungen der oralen Applikation
mew Auffaljend nt.dnﬁdchmhnnnuh

» Thismindosis intrayende versbfolgt, stellt man 10 min
biom in der Wand des Duodenums den hoohsten Aktivitits.
ite doswem fallen die MaBengebnisse — sum Magen steil
Rectom hin aflmiblich — sb. Im weiteren Zeitveriauf
.‘jmdblmmmmmk wobei sich
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gekommen ist und Resory.
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= weigt deutlich, dab

tion stattgefanden hat : i
4. INinndarmabechaitt, im
Caoeum, im Colon und im
Reotum (Abb.d4). Die ver.
hal m‘ U“’mse Akti.
vitdt der oberen Darm.
abachnitte zeigt eine Ver.
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"des Aktivititsmaximum ebenso
!% moh oraler Anfnshme den

»gobiwefel, der . der Gelle iber
& gn Ductus choledochus in des
Bk gelangt. Geringe
liﬁvitumengon werden auch

w'mmmm

"% Ablauf der VitamineB,-Resoeption bei der Ratte

p JacoNO u. JOHNSON (6] sowie von Daarsn (4] vor, dic Ratéem

: eal Thissol-'C-thismin verabfolgt haben. Bei unsores
ungen des Rattenkots haben wir festgestellt, daB die geringe
ktivithe des Schwefels, besogen auf des Kottrockengewicht, sowoh)
=96 Btd nach oraler Applikation, als auch 96 Std lang nach intras
Injektion naheau konstant bleibt.
““In der Abb.5 sind die MeBergebnisse unseres Versuohs dargestellt, bes
‘m nach der intravendsen Thiaminverabreichung die Schwefelaktivitit
Magen- und Darminhalts verfolgt worden ist. Die hoohste Aktivitat
im Duodenum innerhalb der ersten zehn und im vorderen Diinn-
»*m innerhalb der ersten 30 min vor. Im weiteren Zeitverlauf wandert

" Tabelle.

) gobt. Wiriglauben jedsch
Mn&nnhriﬂ Wir
umm :

-

ERadioaktivitdt von Darm-Wand
und Inhalt im Mittel Gber cine Zeit von
8 8id mack i.v. Injebtion von 15 ug
(15uC) ¥8-Thiamin

Organ |1 Impiminy Trockenmbetans
Wand |  Inhalt
Magen 176 | a5
Duodenum 60,4 [ - 76,8
Diinndarm1 506 | 689
Dﬂ}gndnmﬂ 47,1 88,2
Dinndarm3 455 70,2
Dinndarmd| 47 | 685
Oseoum 478 8,0
18,9

dq;am mmmwunwm
ofille #por Tnhalt zur Weurd-besteht, liegt fir Magen,
rand ; _-.mu.mummwmmmm

, daB
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A .W vmmwm mus
“ in sllen Mhlion.aur die. Badioaktivitit des

8 wardesi iad. Dis Vereuche sind der Ausgang
“bei Bapen. asben der Ekmiwmg der spezi.
_ msm der Qrgane eine woitgehende Tren.
derimg  der verschisdenen Vulnndnn'formen des
mnlt werden soll.:

ﬁmﬁ Uﬂu Mlumcda und i:*nnnﬁn Applikstion von #5.This-
mw Bestimmung der Rediosktivitht des Schwefels in der Wandung
Mﬂn mt & Verdturengstralts, sowie in Blut, Leber, Harn und
duachgewisen, dadl der gesmamte Magen- Darm-Trakt zur Thiamin-
i igs Jok. ‘Neoh entipelem’ Angebod reichert sich Thiamin
' kdﬁ' Wiind dos resorbiependen Darmoteils an, wobei die Konzen-
lakal grober ist als mach parentersler Versbfolgung. Bei oraler
«c‘ gt dis Resarption im mntlﬁcheu im Duodenum




L .

+ Ablsof der Vitamin-By Resorption bei der Ratte < 407

i ' Literatur
£ [1] ALEXANDER, B., G. Laxpwesr and F. Mircuews: J. clin, Invest, 25, 287,
© 994 (1946). — [2] ARaxI, M., and 8. Curx: J. Vitaminol. 2, 128 (1956). — [3] Brw-
. cHER, E. H., and E. B, Harriss: J. Phyaiol. (Lond.) 189, 64 (1957). — [4] DRAPER,
i H.: Proc. Soe. exp. Biol. (N.Y.) 97, 121 (1958). —. [5] GExnsickE, F.: unverdffent-
 lichte Mitteilung. — (6] Jacoxo, J. M., and B. C. Jonxsox,: J. Amer. chem. Soc.
.79, 6321 (1857). — [7] Lowwewen, F., u. P. G. MtLLER: Mschr. Kinderheilk. 84,
B85 (1940). — [8] MaxIMURA, H.: Acta med. Keijo 12, 147 (1929), zit. bei [13]. —
[8] MarTEN, G., u. I. KoFFMaxE: Vitam. u. Horm. 6, 270 (1954). — [10] McCag-

.. Ry, P.T., L. R. CERecEDO and E. V. BRowx: J. biol. Chem. 209, 611 (1934). —

{ {111 NaJqar, V. A, and L. E. Hov1: J. Amer. Med. Ass, 123, 683 (1943). — [12}
NYGAARD, O., and L. ELDARN: Scand. J. clin. Lab. Invest. 6. 160 (1934). — [13]
% BCHBEUNERT, A., u. M. ScHreBLIcH: Ber. Verh. sichs. Akad. Wiss. Leipzig. math.-
_physikal. K1. 87, 179 (1835). — [14] ScuripER, H., u. R. LiEsicH: Dtsch. Z. Ver-
" dau.- u. Stoffwechselkr. 1, 201 (1939). — [15] ScEWARTZER, K., u. H. REINHARDT:
‘Med. Klin. 1989, 817. — {16] Zit. nach Sterp, W., J. Kitaxav u. H, SCRRODER:
Pie Vitamine und ihre klinische Anwendung, S.138, Stuttgart: Enke 1952, —
[17] Srocknorm, M., T. L. ALtaavseN and H. J. Boisox: Proc. Soc. exp. Biol.

(N.Y.) 48, 387 (1941). — [18] VERRET, M. J,, and L. R. CERECEDO: Proc. Soc. exp.

Biol. (N.Y.) 98, 509 (1958). — [19] WIDEXBAUER, F., u. H, KrtGer: Z. Kinder-

- heilk. 81, 52 (1939).

- Dr. B. Gassvaxy, Deutache Akademie d. Wissenschaften zu Berlin,
Institut fiir Erndhrung Potsdam-Rehbriicke, Arthur-Scheunert-Allee 155

RN s ¢

31*



. Gaudlano-'66
Ann. lIst Sup. Sanit, 2:537-539. 1966. Bib No. 1220
ALTERATION PRODUCTS OF THIAMINE IN INJECTABLE SOLUTIONS

Amj 'rm:m Actm! Aw mﬁmomc TOXICITY

Tha easy llmnbility of certain drugs in aointlon, especially at the
uqual tomperaturaa ul the lhriuzation process poses not only the prob-
lem d minhinim the drug at the established level of concentration
and thuroby tlwmpoutieally useful (which sometimes is obtainable with
a sditahlse werdoaing ), but also the one, often neglected, of alteration
proawu, that, buidu being generally unprepared of therapeutic action,
can have a dlﬂarout toulcity, than the unaltered drug.

From this point of view we intend to study vitamins: for this purpose
we, first of all, inwlugute thiamine or vitamin B, . — |

Thiamine is onfﬂclently thermostable in the slightly acid solution
( pH = ¢ spprox. ); this -wuuty decrnaes in a nentral environmont and
~especially in alhnne, and also in a strongly acid environment. -
~ 'To stabilise conditions not dissimilar to of injectuble solutions, we
have amtoclaved a tMamino aolutlon at pH 6} 5. The charecteristic products
obtained by chromotogmphy on the paper, we have tested, in their com-
plex, the acute tixicity and that one uub-chronlc in comparison with the
unaltered thiamine.

Preptrutlon of solutions. - The chlorinated thiamine
F.U. dtho !‘lrmC Erba was used. Threesolntlunld 10, 25 and 50mg/ml
conmntrd!onwre pnpand which were brought to pH 6.5. Later solu-
tions were fiut in phigls ( without azote). Certain phials were sterilized for
tyndallization ( 5 times at intervals of 34 hours, one hour at 60PC; others
were autoclaved for écrtaln days (1 hour every day at 115°C) up to the

titer in thiamine, determined by the spectrophotome teic ne thod at the
-1 - '



‘for urea and for glucose using reactive agents of the Boehringer Firm;
the hemoglobinemia was determined colorimetrically after dematuration of
the alkalt. |

The results are shown on Table 1. No cases showed significant statis-
tically different results.

Conclusions. - The most interesting result of our experiment
the minor toxicity of alteration products of the thiamine with respect to
the unaltered vitamins. This is probably due to the fact, that in the latter
in the thiuouc“rlng, quaternary ammonia function is present ﬁhich, i:iatead
of becoming absent in 4-methyl-5-oxyethyl-thiazol forms for destruction
of the thiamine. |

One would therefore deduce that the thiamine toxicity would be mostly of
the curaric type, i.e., connected to the qndtemary agote; the thiaminic
shock, instead, would be connected to the presence of pyrimidinic ring.
However it can be excluded, that fatal cases sometimes verified in a man
due to parenteral administration of elevated doses of vitamin B, could be
attributed to vitamin alteration.

As far as mb-_chronlc toxicity is concerned, our opinion is that dla-
agreement in the literature is due to the diversity of used techniques, to
the insufficient number of treated animals; from our experiments it results
that weiflr thiamine mor i.. its alteration: products modify in satisfactory
nmoner the parameters talen in the investigation of rats.



TABLE 1.

Aversge walues ( <% standard deviation ) of certain parameters
in tremted rats with thermically alterated thiamine or unaltered.

Rats injected with * |

Measured parameters Control rats —5oted | unalterated
thiamine thiamine
Initial weight ( gr) 79.9%11.8 | 85.3t 7.7| 82.8%9.0
Ponderal increase after ,
43 days (gr)......... 127.9%35.0 | 121.6%18.4 | 123.1%19.5
Weight % livet........ 2.8710.14 | 2.87t13.4 | 2.76%0.13
" " gpleen....... 0.15+0.08 | 0.15%0.06 | 0.15%0.06
" " Kidneys...... 0.71%£0.07 | 0.7610.08 0.69+0.05
" vgurrenal glands 0.081£0.003 | 0.020%0.002 | 0.021%0.004
n  n testicules.... 1.8840.24 | 1.32 +0.16 1.33%0.25
" " heart........ '0.2710.03 | 0.29%0.05 0.28%0.03
‘v v gymms......| 0.18%0.06 | 0.19%0.06 | 0.18%0.05
Asotemia (N arelc) |
mg/100 ml. . .. 16.3%1.8 15.028.1 15.7% 2.8
Glycemia gr/1000 md...| 0.64%0.07 | 0.65+0.08 | 0.66% 0.08
femogloblinemia “/210 16.7%1:.6 174 %20 | 169%1.2
Hematocrit........... 48.5%2.7| 49.5%2.8 | 48.8%2.s
Erytwocytes Mmm)'/ 7.86%0.75| 7.9910.66 7.87%0.41
Leucocytes (per mmc) | 91072 945 | 7938 % 1760 | 9121 % 920 ]’

* Rats in grouwps of 15, were injected dally, with 42 gr., via intra-
muscular, with 0.3 ml/ ( 5 mg) of thiamine altered or unaltered.
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Prodotti di alterazione della tiamina nelle soluzioni
iniottabili ¢ lore tossicita acuta ¢ sub-cronica

La facile alterabilith di aleuni farmaci in solusione, specislmente alle tempera-
ture comunemente usate nel processi di sterilissasione, pone non solo il problems
i mantenere il tar.naco al livello dichiarato di concentrazicne ¢ quindi terspeuties.
wente utile (il che & talvolta ottenibile con un cpportunc sovradonaggio), ma anche
quello, spasso trascuruto. dei prodétti di alterasione, che, oltre ad essere general-
wonte sprovvisti di asione terapeutica, possono avere una loro tossicith, diversa
Jda quella del farinaco inslterato. .

B nostro intendimento studiare da questo punto di vista le vitamine: a tale
scopo abblamo per prima preso in esame la tiamina o Vitamina B,.

La tiamina & abbastanza termostabile in solusione leggermente acida (pH
intorno a 4); la stabilith diminuisce in ambients neutro e soprattutto alealino, od
anobe in ambients fortemente acido.

Per stabilire condisioni non dissimili da quelle che possono aversl nelle solusioni
iniettabill, abbiamo sutoclavato una solusione di tinmina s pH 6,3. Caratterizsati i pro-
dotti ottenuti mediante cromatografia su carta, ne abbiamo raggiato, nel loro complesso,
Ia tosnicitd acuta e quells subcronics in confronto con quelle dells tiamina inalterata.

Preparazione delle soluzioni. —- 8i & usata tiamina cloridruto F.U. della Ditta
C. Erba. Se ne sono prepatate tre solusioni alle concentrazioni di 10, 25 e 50 mg/ml,
che si sono portate a pH 8,5. Le solugioni sono state poi infinlate (renxa azoto). Aleune
fiala sono state sterilissate per tindallizsazione (8 volte, a distanza di 24 ore, per 1 ora
4 80°C; altre sono state autoclavats per vari giornl (ogni giorno per 1 ora & 1169C)
finchd il titolo in tiamina, determingto col metodo spettrofotometrice al tiocromo !,
risultava di non oltre il 29 di quello iniziale. Nelle finle tindallizzate il titolo restava
pressochd inalterato.

Bsame cromatografico. - Le solusioni alterate, notevolments colorate in giallo,
«ono state rottopoite a cromatografla su carta usando carta Whatman n. 1 e, come
ase mobile, le miscele n-butanclo-etanolo-acqua nel rapporto 2:1:1% o 2:2:1;
quest’ultima 13 una risolusione migliore. L'identificazione dei componenti & stats
fatta esaminando § cromatogrammi a luce U.V. di baass lunghessa d'onda (lampada
germicida della General Klectric Co. schermata con filtro Corning n. 9863), sprussan-
doli poi con i reattivi unati da Lioxsr, Bussx & BAUMANN* & da WINDHEUSRER &
Higuci 3, ed cseguendo cromatogrammi con sostanse di confronto. -

11 secondo polvents ha permesso di cvidenziare, nells solusioni alterate, almeno
3 prodotti: 2.metil-4-ammino-Samminometil-pirimidina (Rf 0,42), tiamina (Rf 0,08),
2-metil-4-ammino-8-cssimetil-pirimidina (Rt 0,77), tiocromo (Rf 0,82), 4.metil-5-
omietil-tisazclo (Rf 0,91); ai vedono anche piccole quantitd di altri prodotti, alcuni
dei gquali fluoreacenti, non ben differenziati, con Rf inferioie a 0.4.

Tossicitd acute, — F. stata saggiata in topini Linnchi del peso di ca. 20 g, mediante
inoculasione nella vena caudale. Dopo aloune prove crientative si sono injettate s

gruppl di 10 animall per ogni dosaggio quantith i Yamine alterata fra 100 o 500 mg
per Kg &l peso corporeo; 1a DL, & risultata pari & 260 in 8. 1). Prove parallele

Ann, 1ol. Rupor. Banitd (1988) 2, 537-839.
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eneguite con tiumina integra hanno dato wna DLy, di 128 mgkg, in perfetto accordo
con In letteraturs 4.

1004

2 991

H

& §04 7ig. 1. — Curva dosc/mertalith nel toph per
* ' 1 profdotti &1 drmolizione tevmies delin

tiamina, (Awlocilavata a 118°, ogmi
40 glorne per un'ere, fins a titolo fote.
moteios 1 del B%).

O T 20 | %0 0 %0 mepy
Tiamino alterate

TossicHa subcronica. - £ stata saggiata in ratti albini {ceppo Wiatar) i seaso
manchile del peso inisiale intorno a B0 g. Ad un lotto di 18 animali sono atati injettati
giornalmente, per 42 glorni conmecativi, per vis intramuscelave, 0,2 ml (-~ 5Smg) di solu-

. slone i tiamiina alterata ; ad un altro lotto di 15 animall & atuts inletiata lo ntesma guan-
tith A1 tiamina inalterata ; ad un terso egual lotto (coutralli) sl d inlettata una solusione
fslologies. L dieta era per tutti quetla standard per rattl wratn nel nostro Intituto.

Durante 'esperimento i ratti non hanno montrate sleun femomeno shormale.
Alla fine gli animali, teanti 12 ore & diginno, sono stati perati, ineculati i. p. con 0,2 mi
i solusione i epurina all’? ©;, e, dopo eirca 1 ora, sacrifleati. Sono stati pesat! fegato,
milza, reni, surreni, testicoli, cuore, timo; si sono inoltre determinati azotemin, gli-
vemis, emoglobinemis, ematocrito, eritraciti e leucocitl. Asotamis e glicemia sono
state determinate con i metodi ensimatici specificl per I'urea -« il gluconsio, usando i
reattivi della. ditta Boelringer; Femoglobinemia b state determinata colovimetrion-
mente dopo denaturasivne slealina,

1 risuliati sono raccolti nella Tubella 1. In newwun caso lo differenxe sono risul-
tute statisticamente significative.

Conclugioni. - - 11 Henltato pidt interesmante dei nostri esperiinenti d la minore
tossicith del prodotti di alternsione dells tiamina rispetto & quella della vitamina
inalterata. Cid ® dovuto probubilmente s} fatto che in quest’ultima d presente, nel-
'anello tinnolico, la funsions ammonica quaternaria, chs™ & invece asscnte nel 4-
metil-5-onsietil-tingolo formatosi per demolisione della tiamina. £ interssnunte s
a quento proposito rilevare che la ditiopropiltinmine, nella quale Panello tiasalico &
aperto, ha nnn tossicith da 2 a 5 volte minove di quella Jdella tiamina 8.

Se ne potrebbe.quindi dedurre che la tomsiolta della tiamina sin a gran parte di tipo
curarico, ciod legata all’asoto quaternario; lo shoek tiaminico, invece, sarebbe legato
slia presensa dell’anello pirimidinico 7. Sembra pertante Al poter cecludere che i cani
mortall talora verificatisl noll'aomo in seguito & samministeasione parenterale di dosi
elevate di Vitamina B, sl possanc imputare ai prodotti di altoragione della vitamina.

Ann, Jol. Buper. Sanits (1068) R, 537-339.
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Tangrra 1.

Valorl medi (1 deviazione standard) di alcunt parametri
In ratd trettatl con tfamina alterata termicamente o lnaltersts

‘ Ratli inkettats oon *

t Paramotel mivuratl Raty df oontrolle

' tiamina altorats ||hnhn inaleotate
t Peso inisiale (;) 799 £ 11,8] 853 % 7,7 | 828 £ 9,0

‘ nrudmonto pondenlo dopo

P egglomi (g . . .. ... 12790  + 35,0(121,6 + 13,4(123,1 + 198
" Pewo % del !qm ..... 287 + Ol4 2,87 + 037 2,76 + 0,13
P s s dells milss . . . . . 0,18 + 008 015 + 0,06 018 £ 0,08
[ ¢ v deireni ...... 0,71 + 0,67 0,76 = 0,08| 0,60 + 0,05
" » o del surreni . . . . . 0,021 + 0,003 0,020 1 0,002 0,081 * 0,004
i % » del teaticoli . . . . | 1,38 + 0,24 1,32 & 0,06 1,33 = 0,25
" s s delouore. . . . .. 027 + 003 020 + 0,05| 0,28 + 0,08
s s deltimo . ..... 0,18 + 0,06] 0,19 £ 0,08] 018 & 0,08
| Asotemia (N ureico) mg/100 ml | 103 + 1,8 | 150 = 3,1 | 157 + 28
* Glicemis g/1000 ml . . . . . 064 + 0,07] 0,65 = 0,06 0,66 + 0,08
1 Emoglobinemia g/100 ml . . 16,7 + 1,6 17,4 £ 2,0 149 + 1,2
| Bmatoerito . . . .. .. .. 48,6 £ 2,7 | 405 £ 28 | 488 + 2.3
| Eritrociti (milioni/mme) . . . 788 + 0,78 | 7,99 £ 0,66 | 7,87 L+ 041
; Leucociti (per mme) . . . . | 9107 & 945 | 7938 + mo[ 9121 & 920

* 1 ratil, in Jostt di 15, sono stat! inlettatl glornalmente, per 42 gg., per vin intramuscolare,
con 0,2 mi (3 ma) 4i tiamina alternts 0 inaltorata.

Por quanto riguarda la tosaicith suberonies, & nostra opinione che le discordanze
Jella lettaratura ® sisno dovute, pid che alle diverse tecniche usate, all'insufficlente
numero di animali trattati ; dalle noatre ssperionse risults che né 1a tinmina nd { suoi
prodottl di alterasione modifieano in maniers atatisticamente significativa i para-
meotrl da nol preal in esame nel ratto,

9 maggio 1968, ALDO GaubplaNo, Guipo Pxrri, Mania Porizm
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the miorosomal fraction, increasing reduced
in the insubation mixtures failed to increass metabolic ratcs;

, ITI anp A. E. Waon: The effect of '&;n:“w;u‘w;:;’z Jiver
: mtdnlillu pathways. J. Pharmacol, 1 1,
rels were maintained on synthetis dists for thivo wesks
and the other was s high thiamine (HT) dict that
30 mg of thiamine to each anbmal. Rats receiving the
reductions in aniline, soxasolamine und amindpyrive nu: labuhe
..mm motabolic rate was aot slgaificamtly eltored. A reduciion
oytochroma by and cytochrome P-450 sontents witheut & reduction i
evident in rate fed the HT diet. As further evidence iur
nlootinnsslde

sdenine di-

Phosghate levels in
furthermore, the 385,000 X ¢ liver supernatant from rata fed the thlamime-defieisnt dict did
notnllm!hmMrMe of microsomes from rats fod the HT diet; nor did the

Many factors have been shown to alter the
metaboligm of druge by micwsomal enxyme sys-
tems in rst liver. Apart fram enviroumental
states, hormomes aixd other drugs, the diet and
nutritional status of the animal can also mark-
edly influence its capability to metrbolize drugs.
Kato (1067) shawed that starvation of female
rats inereasad their ability to metabolize hexo-
barbital, aminapyrine and aniline, whereus heavy
sucrose. feeding decreased metabolism of these
substraten, Protein and lipid deficiency may also
depress the rate of drig metabolism (Brown et
ol, 1954; Kate et al, 1062; Century and Hor-
witt, lm W«tluzMﬁ et ol, 1068; Marshall
and McLean, 1980; Cnster of ol, 1968, 1970;
Wade ot nd., 1069a). Certain vitamins, (Kalyan-
pur et ol, 16S; Harper and Caleutt, 1961;
- Wade et ol, 1969b) and vieamin deficiency states

Rommltwr rublitmonA ast 11, 1970
nim'ry uﬂuh work was pre-
he m« ‘ ol the Amm?au Societly

1%7 : ‘»’Emﬂmm& herapeutics
ST g,

i tot \. £, Wade, Behoo!
ity of Geongia, \them GCa.

¢ from puitale fed the HT dist depress the métabolic ¥ate of meieromomes frum
grewp. Reduced micotisamide sdenine ditmslwotide phosghuie-cy
Mﬂmﬁmtmnufﬁmcm&ktmm

wthrome ¢

(Conney et al., 1961; Kato et ol., 1969) have alp
heen shown to alter drug metabolimn or duratioy
of drug action,

The prosent imvestigation was undertaken to
examine the effects of dietary thiamine upea
drug-meluhollsing pathways and to investigats
various parameters essentinl to these paihwaye
in an attempt to elucidate the mechaniem by
which thismine alters metabolic rate.

Msruovs. Male and female Sprague-Dawigy
rats (The Holtsman Co, Madison, Wisc.) weigh-
ing 50 to 60 g (31-23 daya old) wern stabilized for
uo7dm-onl'unulabdsowbeMbeinM
on the Iaboratory test dict for three weeks. The
diet contained 23% thumim-lm vitamin fortif-
cation mix {Nutritional Corporation,
Clevelapd, Ohio), ¥% com oil, 4% Joues Fosier
salt misture, 4% pon-nutritive bulk (Alphaeel,
Nutritional Biochemicals Qomonmn). 16% vits-
min-free casein and 708% sucrose. Ope diet wus
thiamine deficient (TD); th: other was s high
thismine (HT) dict that su an average daily
intake of 20 mg of thismine IICI to each animal.
All spiroals of like sex were caged in groups of
two in an sir-conditioncd room.

Prepamtion of tissue samples. The rals wer
decapitaterd without anesthesis, livers were quishl
romoved and homogimites were made n described .
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by Wade et aol. (1966b). Each homogenatc was
centrifuged at 9900 X g for 20 minutes at 0-4°C
in & Sorvall model RC-ZB contrifuge, after which

the supernatant contalming the microsomes wna -

docanted. In some experiments the 0000 X ¢
supernaiant was contrifuged at 108000 X ¢ for
one hour at 0-4°C in & Beckman modcl 12485 ul-
tracentrifuge to obtain the microsomes. Micros
somes were either resuspended in 1187 KCl or in
the 105000 X ¢ supernataat from the liver of &
rat receiving the alternate diet.

Ensyme amaye. A typieal incubation mixture
contained the equivalont of 330 mg of liver. 10
amol of picotinamide adamine dinucleotide phos-
phats (NADP), 350 pmol of glucose-6-phosphate,
80 or 1000 smol of micotinamide, 260 wmol of
magnesium sulfate and suflicient 0.1 M phosphate
buffer (pH 74) to malke 58 ml. As drug substrate.
the typlesl ineubmtion mixture contained one of
the following: 100 sowol of aniline, 30 smol of
soxasolamine, B0 smel of hexobarbital or 400
amol of aminopyrise. Incubation mixturcs utilising
the 106000 X ¢ microsomen also contained 3 en-
syme units of jghacoss-#-phosphate dehydrogenase,

The mixture was inosbated for 20 or 30 minutes

" a8 $7°C under sie in & Dubnoff metabolic shaker,

after which the renction was stopped by chilling the
incubation flaske in sn ice bath. An approprinte
aliquot of the ineubats was then transferred to a
tube cotaining the extrsction medium.

The aromatic hydrexylstion of aniline was de-
termined by measusisg p-sminophenol formed,
utilising s modification of the method reported by
Kato sad Gillette (1908). The aromatic hydroxyla-
tidn of soxasoinmine was determined by mcasuring
the disppearance of the substrate according to
the method of Conney et al. (1060). The aliphatic
lydroxylation of hexgbarbital was determined by
ineasuring the disappearance of substrate accord-
ing to the mathod of Cooper and Brodie (1058).
The demethylation of aminopyrine was determined
i+ messuting d-aminoantipyrine formed, according
1 the wethod of La Du ef al. (1085).

Redored niootinamide adeninc  dinucleotide

hosphate (NADPH)wytochrome ¢ reductase nc-
ivity of mt liver mitosomes was determined by
ha mothnd of Phillips snd Langdon (1963). Glu-

e thate dehydfomenasc nctivities were
‘sterminud for the X g supernatant from

it liver homogenates by the method of Glock
ud McLean (1043), with the Perkin-Flmer moddl
02 splitbeam recordig pectrophotometer at
40 ma. .
. Aliesterase nnd scetylcholinesterase activitics
sere determined titrimetricnlly by meesuring the
acetio acid Jiberated froms the substrate s-naphthol
acetaly h:' rags, or from ai ine per-

. with: the Radiometer

automatie pH titragraph. Reaction rates were cal-
culated from initial rates recorded sutomatically.

Estimation of cylochromes P-450 und bs. The
cytachrome bs content of hepatic microsomes re-
suspended in 1.15% KCl conlaining 005 M Tris
buffer (pH 7.4) at a consiant protein concentra-
tion of 25 mg/m! was determined by the method
of Omura and Sato (1964), The differences in the
nbsorption spectra were measured at room tem-
peraturc with the Amjfieo-Chance dual wave-
length/split beam- recording spectropholometer
using the split beam mode, and were recorded on
10-inch rectilincar paper at  senmsitivity of 05
(ie, 10-inch pen deflection = 05 absorbance
units), Cytochrome bs content was calculated with
the extinction coefficient of 183 cm™ mM™. The
cytochrome P-450 content was culculated by the
method of Omura uad Sato (1964) with the ex-
tinction coefficient for cytochrome P-450 of 91
cm” mM™.

Sleeping and paralysts times. Hexobarbital sleep-
ing time was measured from the time of ip. in-
jection of 128 mg/kg of hexobarbital sodium to
recovery of the righting reflex. Duration of zoxa-
solamine paralysis wns determined from the time
of i.p. injection of 100 mg/kg of zoxazolamine to
recovery of the righting reflex. To prevent ma-
lingering, the rats were touched on their tails
on¢e ench five minutes.

Statistics. Calculntion of Vau and Ku of ani-
line hydroxylsse and hexobarbital oxidase was ac-
complished with the computer program of Wilkin-
son (1961). All datn were analysed by Student’s ¢
test, nnd P < 05 waa taken as the minimal level
of significance.

RxsuLrs. Body weights. Body weights of male
and female rats fed the TD dict were signifi-
cantly less than their controls after 14 days.
Male rats fed the HT diet gained an average of
81 g, whereas those fed the TD diet gained only
8 g during the 21-day feeding period. During this
time, the females fed the HT diet had gained an
average of 65 g, whereas those fed the TD diet
gained only 15 g.

Liver weights. Liver weights and their percent-
age of body weight of rats fed the HT and TD
diets for 21 days are shown in table 1. Liver
weight ns & pereentage of body weight was sig-
nificantly higher in male rats fed the HT diet
than in those fed the defiient dict, whereas that
of femule rats was not significantly different.

In vitro drug metabolism. Table 2 shows the
rates of aniline, zoxazolamine, hexobarbital and
aminopyrine metabolism by rat liver 9,000 X ¢
supernatants. Homogenates of livers from male
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TABLE 1

Bfect of dielary thiamine consumplion on liver and
body weights ]
Lfver Weight/
Ei_ # | Liver Weight | Body Weight In.'.ﬂi v{f:.:.ﬁt
3 & SE PR

Male
iur | w | 00e09 | Wosio | teeser0
™D | 0 | 20180 W8 13| €C1TH0000
HT ] o4 | 500k 08 | W232 | ¢8x0n
AR R Y AN YA NE Rt
“ m rapresents number of animale. T
bp < 0.

and female rats fed the HT dict for 21 days
metabolized aniline st approximately one-half
‘the rate of those fed the TD diet..Liver ho-
niogenntes from male and female rats fod the HT
dict metabolised soxasolamine at rates 0.75 and
000 times those of rats fed the TD diet. Amino-
pyrine metaboliem was significantly depressed
only in male rats fed the HT diet. There was no
signilicant difference in the in vitro metabolic
mte of hexobarbital by either sex a8 a conse-
quence of diet, It should be noted, however, that
rat liver homogenates. from fumales fod both
tliets  motabolised  hexobharbital, aminopyrine,
andline and soxasolnraine at significantly slower
raten thun thoxe from malos. Bimilar relationships
oxisted wheu the metabolie ratea were expressed
as micromoles metabolised per 100 g of hody
weight per hour. Although body and liver
weights were significantly greater in rats fod
the HT diet, aniline meétabolism per rat was not

in the fcmales than in the thiamine-deficiont rats.
Females fod the TD diet also metaholised soxu-
xolamine (suicromoles per tat per howr).at & rat:-
similar to their counterparts reoiving the HT
diet, Whess caleuiated per mt, males fod the TD
diet metaholised soxasolamine, hexcharbital and
nminopyrive at ratos Joag thau those fed the T
diet, wherens femules mctabolised hexoburbitat
and aminopyrine less rapidly. V..., (caleulated on

TARLE 2

Kffvet uf dict on the in, vilro metatbolism of anili.
2orazelumine, heeabarbitul aml aminopyrine /

ral Liver DOUO X gy aupernalunts

© e

| )
Substrate | 1 Metabalivm per "y
ubsirate | biet | w i u?:‘ﬂu’ ; ‘&':‘l?:‘m '
’ [ I umnl 3: SR wmel o4 N F.
Aniline | | )
M jWE 1 0T 00n 8.8 & b
TV 1l 1w s0108® 437 e00
¥ | IITI 8 } Q92 £ 000 | 3.3 &0
PED b | Dt 60w} ] 8.00% 051
Loxnsolmpine | ‘ i '
] e o ! v as w1208 40
N IR P T IATRT! JE AT
¥ CHT 9 180 4 0082 | K00 £ 032
ol s | aen ot | ans o
Manoturbital ]
M tury s[ (574010 [ 30.8 4 10y
LT T wmsen a2
} wr s LW em ‘.u “viown
TH, &, Lwx00) B Y0 4 0.0
Atnitopyeine ; | |
] nr 8 i o2 .8 0N
TO| 0 A 0038 18 a0
¥ "HT ' T 6.0 & 0.008 oM 0.0
[T, 7 | 0.115 £ 0.006 | 0.3% & 0.08%

Y n pepremenss nnber of animals

i < 1 that differences beiwcen the two sliets are due te

chanee. :

significantly higher in the males and was lower P < .08
TABLE 3
Effect of dictary (hiamine un the upparent Ko and Ve for ansline Aydrosylase
and hervburbitel oridase
Vo : '
et 0 L. ca—— o e e s -t s P —— — —
Aniline l Herobarbital Anihne I Henobacbital
- Tl g protcin £ S E - es&
Hr 81 70 £ 003 | 1280+ 1395 | 0132 4 00100 | 0.58 U0
T 8 13.853 + 0.3 InJ 0N & 6.2 0.0 4: 0.010 0.617 + O.oW
Labcehow | $  12.302 & 0.541¢ !

175,16 = 6. 1w

0.0 & 0.0z
t H

0.4 £ 0.0

* u represonta number of unimals.
t Values represeat thowe caleulated from four poinis on the Lineweaver-Burk plota, Values without
cammon superseripts differ signiticantly. ’
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TABLE ¢

Hezobarditnl ol«m Himes and duraliens of
sozesslamwing paralysis as affecied by dmm

tAfaming
SomontDist |  Sioeping Time | Duration of Pamiysis .
min & 3.K. mink L.

Male '

HT 28 4 2 (1) 192 4 15 (8)

TD 29 4 2 (11) 11 % 12 8)
Fomals '

BT 108 &= 6 (10) BT £ 34 @8)

™ 8 = (10) 130 & 20" (8)

* Numbers in parenthesss indicate number of
animals

'P < .01

the basis of metabolised per gram of
liver or per of microspmal protein) for
hexcberbital wes net altered from
lab chow eantiols in nﬁmmm D or HT
diots. Vi for sniling was less in
malo raté Sod the BT dlet than in mals rats fed
iab chow or TD dista (P < 01) (tabis 3). The
Ku for salline and hensbarbital of rat Bver from

Hmbcrm sleaping time and duration of
paralysis. Hexobnrbital sleeping
times are shown in table 4. Although animals on

E

'mmml'mubm

£

< P8
E:
1
b
f

;%

s conssquence of diet in G-6-PD and 6-PGD

mudma:::m X g sipernatant fmte:;:
from male Mt preparations. Significant

_ v.mﬁmmm(w-mm and G-

o-muum ) were seen in smimals
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fed the HT diet compared to those fed the TD
diet. :

Effect of soluble jraction components on ani-
line metabolism. The results obtained with a
cross-over technique on male rat liver prepara-
tions are shown in table 6. In this technique, the
105,000 X g microsomal pellet of an animal fed
the TD diet was resuspended in the 105,000 X ¢
supernatant of an animal fed the HT diet. The
opposite combination was also employed. The
regults show that regardless of supernatant frac-
tion present, microsomes from rats receiving the
BT diet metabolise aniline at a significantly
slower rate than microsomes obtained from rata
fed the TD diet. The lack of effect of soluble
fraction components was verified by measuring
aniline metabolism in the presence of i mcrewng
increments of NADP (0.2-12 mg added per in-
cubation finsk), NADPH (04 mmol added per
incubation mixture) and G-6-PD (0-1.5 ensyme
units added per incubation mixture). Neither of
these components enhanced aniline metabolism
by microsomes from rats on the HT diet to any
greater extent than those from rats on the TD
diet,

TABLE §
Glucsse-8-phosphate dchydrogendee and 6-phoapho-
gluconale dehydrogenase aciivitios of the 108,000 X
g aupernalant fractions of rat liver Aemogenates

Dist G-6-PD PGD
smol NADP reduced/g liver/min &: S.E.

HT (10)» | 97.78 & 12.44 | 32.18 =+ 3.62

D (10) 27.79 = T.81% | 22.73 4 2.08

¢ Numbers in parcnthoses indieate number of
animals per group.
‘P < 01,

TABLE ¢

Rate of aniline melabolism by liver microsomes from
rals receiving lhiomine-deflcient and high
thiamine diels (oross-over technigue)

Combioatien®

Metabokism

 jumel/g lioor/br £ S.B.

HT diet microsomes with TD | .0.524 + 0.048
diet supernatant

TD diet miorosomes with HT

diet supernatant

¢ Kight aaimals per group.
‘P < .01

1.837 = 0.1300
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TABLE 7 ’
Eaterase aclivily of liver fractions from raiz fed (Niomins-deficient and Migh thiomine diets
Bexsnd Dist® | 900 3¢ g Supernatant® | 105,000 X ¢ Bupsrnateat® Wicrossmal Protion® | " 0800 X & Supernatanse
Male :
HT 043.71 £ 4.5 123.85 = 9.07 550.20 + 23.81
™D §78.85 & 36.41 118.711 =+ 10.47 453.35 4 32.194
Female i
HT  901.28 & 36.23 95.31 4 2.12 611.32 &« 87.43 2_1.61 % 1.80
™D 790.88 = 84.78 96.47 +: 4.62 572.65 = 36.03 16.20 4 1.00¢
* Nine animals per group. .
liver,

¥ Micromoles 2 8.E, of a-naphthol acetate metabolised per minute per gram of

* Micromoles & 8.E. of acetylcholine perchlorate metabolised per minute per gram of liver.

‘P < .08

Baterase activities. Aliesterase activity as
measured by w-naphthol socetate hydrolysis by
fractions of male and female rat liver is shown
. in table 7. More activity was found in the micro-

somas of rata fed the AT diet, although this was
significant only in the males. '

Avetylcholinesterane activity was determined
in female rat liver 9,000 X ¢ preparations by
measuring their ability to hydrolyse acetylcho-
line perchiorate. As shown in table 7, aniznals fed
the HT diet exhibited signifieantly greater ac-
tivity than those receiving the TD diet.

Microsomal protein, cytochrome b, and cyto-
chrome P-{80 comtent. Microsomal protein con-
tent was not significantly altered by the test diet
in either sex. The cytochrome P-450 and b,
contents of microsomes of rats fed the HT diet
were significantly less than those from rats fed
the TD diet for both sexes (table 8).

TABLE 8

Micresomal protsin, cylochrome by and cylwchreme
P40 conceniralions in livers from rals fed

thiamine-deficient and Aigh thismine disls
S | v [ crectreme | Viproms
SYLE" | mmel/mg protwin 5.8,
Mabe
HT- S [0 1.2) 00002 0.001 | 0.9 & 0.001
™ (IR XPFST R % o.m’i 0.003 + 000"
Fomale i |
HT 8 [Nea10 0.3 & 0010 ‘ (X PYX
™ T [Bes0q 00075002 04 £ 000
© u ropranents number of animals per group.
‘pe

TABLE 9
NADPH-cytachrome ¢ reduciase activity of micro.
sonice [rom maole rots fed thiamine-
deflciont or high thiamine diets

———

Dist® Cytochreme ¢ Reduced
waenel/mg protoin/be
HT 22.97 4 0.040
TD 40.51 + 3.03c
* Ten animals per group.
¢ Values represent means + S.E.
*P < .01
NADPH-cytochrome ¢ reductass ectivity. Die.

tary effect on male rat Liver NADPH.eyto-
chrome ¢ nﬁ%mivhyhﬁmhhhh&
Animals fed the HT diet had spproxiamtely §7%
of the NADPH-cytochromse ¢ reductase activity
of those fed the TD diet, :

Discussion. The levels of dietary components
such as carbohydrate and protein individually
have been reported to alter drug metabolism sad
to produce changes in cytochrome P-450 levels.
However, since the diets in these studien were
identical except for thiamine content, differences
observed must be due to the thismine or to the
total quantity of diet cousumed. Rats fed the
thiamine-deficient diet for 21 days uniformly de-
veloped beriberi, whereas those fed the high
thiamine diet had growth curves and appesrance
not unlike those of rats fed a standard lsboratory
chow diet (Wade et al., 1908h).

The test diets produced changes in body
weight to a different degree in the two sexes.
With body weight as the criterion, the mel
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appears W bememoepﬁblotochanges in
thiamine lovels than the female. A similar rela-
tionsbip s seen i the liver weights of each sex.
Liver weight as a percentage of body weight for
male ety glio showed a greatar difference as s re-
sult of the two diets than that of the females. It
was higher In male rats fed the HT diet, whereas
no dilleresce was found between treatments in

fmi‘n.

Anilise, sozasolamine, aminopyrine and hexo-
bﬂw metabolic rates were estimated in vitro

to detepmine their susceptibility to alteration by
the BT aud ¥D dists in both male and female
rats. The HIT dist significantly depressed aniline
and seumadiarhine mastabiolian of both males and
females, wheress amisopyrine metabolism was
w i moale raks but wax not significantly

o npd | fecnales, Kcmbubml metabolic rate

sltered by in either sex. The meta-
bﬂhMM all tested were consist-
ently higher in male rata than in femles. Thus,
the pu . that thiamine exerted its effects
on b m by altering sex hormone

.. Altbiough thiamine deficiency
m liver and body weights and
similar W those pdeced by
o aad Gillewbs, 1988), it appears

m ‘tlivg metabolism reported
dwe miely to starvation—starva-
“ dm decreased hexobarbital and
mmowbolism in males and incressed
e whatens soxaselaming metabo-
ot o was Dot altered. Neikher V...,
ﬁ' aplline: wae altered oantly in

‘the TD diet when compared to those
dwm

Biooe Vo but not K. for aniline was de-
MHWHT-MMuuwhw compared
%0 tutirTod Jal chow, it is asvumed that the quan-
of engytn respomsible for aniline hydroxyl-

i but the characteristite of the
enw:twwvoly unaltered. Hexobarbital

—— lviﬂnﬂomhthndmmtmm

alterod by the BT or TD diet when com-
ptudw: ‘vholmltmhﬂincoﬂmlwolof
cytoctiseme P-430 and the astivity of NADPH-
eytochsoms ¢ yedwotase were reduced in the rats
fedmm‘dm.udumnpw that either
oltlum" e ;"thmdfundmnoxy-
pal mbut that ei
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be rate limiting in the case of aniline hydroxyl-
ase.

In order to verify the alterations of in vitro
motabolic rates, in vivo sleep and paralysis times
were determined for hexobarbital and zoxa-
zolamine, respectively. As anticipated, hexo-
barbital sleeping time in the male was not
gignificantly altered by varying thiamine levels.
However, female rats fed the HT diet slept
rignificantly longer than those fed the TD diet.
This aberration is unexplainable on the basis
of the rate of in vitro hepatic metabolism of
hexobarbital, and therefore, other possibilities
such as changes in the central nervous system
which alter distribution of the drug to active
sites or which increase the sensitivity of these
central nervous mystem sites to the hypnotic
should be considered. The fact that females fed
the deficient diet alept twice as long as their
male counterparts was anticipated from in vitro
metabolic rates.

The duration of soxasolamine paralysis was
shorter for both male and female rats on the TD
diet than for those on the HT diet. This rela-
tionship can be explained on the basis of meta-
bolic rates since liver homogenates from both
male and female rats on the TD diets metabo-
lised xoxazolamine faster than those from rats
fed the HT dict. The effcct of starvation ean be
ruled out as a contributing factor to this sinee
Kato and Takanaka (1967) reported that the
duration of soxasolamine paralysis is increased
in fasted rats,

The generating systemy. for NADPH needed
for microsomal electron transfer reactions associ-
ated with the drug-metabolizing ensyme is lo-
cated in the soluble liver fraction. G-6-PD is a
vital component of this generating system. When
the effects of each diet upon G-8-PD and 6-
PGD activities were examined, it was found that
the livers of rats fed the HT diet had increased
G-8-PD activity and 6-PGD activity in com-
parison to those fed the TD diet. Since aniline,
umnopynne and soxasolamine metabolism is
greater in thiamine-deficient animals, it appears
that G-8-PD activity of the supernatant is not
a limiting factor in their metabolism.

To determine whether other components of
the soluble fraction were responsible for these
differences, a cross-over technique wasg employed.
Microsoma! pellets of livers from rats on each
diet were prepned The microsomes recovered



mluble fraction from livers of ‘z;ais fed the
HT microssmes were resuspended

u qmbll feaetion preaent, mutabo-
st & fapter rate than microsomes

H‘!‘ ‘diet. From these experi-
‘that alterations occur-
s faction as a consequence of
tly sffect drug metabolic
% alterations produced
m the myicrosomal frac-
¢ oolls. These findings aleo demon-
oocurremce of » drug-metabolis-
i the » fraction of rats on

of

SELRI4E
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;
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pmlhml hur tlhm were not due to oo-twor
alemathon.

mm nluth:n initiated to
d-mdlq- W alterations in miero-

. coxﬁparcd to rats fed the TD diet, Cytochrome

P-450 levels were depresssd 28% in males and
82% in females; wheress b, content was de-
cronsed 52% in msales and 38% in females,

NADPH-cytoshirome ¢ reductase, ‘& hepatic
microsomal etizyme (Phillips and Langdon,
1062) necemary for electron transport to cyto-
chrome P-480, likewise had decreased activity
in rats fed the HT dict as compared to those re-
ceiving the TD diet. Thus, dietary thismine-
induced alterations in hepatic microsomal ani-
line hydroxylass activity may be partially or
wholly due to sdtered levels of cytochrome b,,
cytochrome P-430 and the activity of NADPH-
cytochrome ¢ reductase. Hawever, it does not
appear that either of these components are rate
limiting in the case of hexobarbital oxidase. If
we assume that dietary thiamine is producing a
single cffect, we must either assume that this
effert is upon the synthesis or maintenarnce of
the specific ensymes involved in various meta-
bolie pathwnyvs or that the effect is upon the
eleetron trunsport eystem and that this system
is rate limiting only for specific pathways,

The possibility that thismine works indirectly
through some other mechanion to produce these
alterstions must reé he overlooked. Animals on
the BT diet consumed raore dict which was high
in carbohydrate. Hara et o, (1968) have re-

ported a decresse in d-glucoee intestinal trans-
wrt as o result of thismine deficiency. In this
light the cobserved metabolic alterstions may
have becn & remult of varying carbohydrate con-
sumption,

CoxoLusitons. Aniline and soxasolamine meta-
bolic rates are significantly depressed in both
sexts by high distary thismins content. V.
for aniline hydroxylnse in the male rat was sig-
ifisantly Jower in the rats receiving thiamine
than either TD mts or lab ahow controls. Amino-
mmemmbolinutchdnprmdbyhuhdw
tary thiamine tion in the male rat, but
ot mmﬂy in the female rat. Hexo-

Mw mhm: rate is mot pignificantly al-
immlaoﬂmhmu Whenompnedto
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metabolmm through factor(s) within the micro-
somal fraction of the liver anid not in the spluble
fraction. Varying thismsine comsumption does
not akter total hepatic microsomal ensyme pro-
tein. Compared to rats fed a thiamine deficient
diet, high thiamine consumption decreased he-
patic microsomal cytochrome P-430 and cyto-
chrome b, comtents snd hepatic microsomal
NADPH-cytachrome ¢ reductase activity, Glu-

cose-8-phasphate dehydrogenase and 6-phospho-
gluconate deliydrogenase activities are depressed
by thismine deprivation.

Acxwowrapoumnrs. The suthors wish to
thank Mrs. Betty Wu and Mr. Walker Word
for their techmical assistanee.
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TABLE 1
operties of Tof Thiamine,
'!'lilnine Hydmhlnrlde

Acute Toxicity or Two ForMS or THIAMINE

~ Thiamin Mononitrate

Propeity
Melting point 4 245-248°C 196-200°C dee.
Moleeular wt 837.26 827.36
Units per 883 343
Bolubility 100 g per 100 g ‘water 2.7 g per 100 g of water

advisable to compare the hydrochloride and
the mononitrate in regard to their toxicity in
animals.

. Comparison of the structural formulas of
both forms of thiamine shows where the

changes in substituent groups have been made.
N==0--NH,——B, O=C—CHgCH,0H

=

ILH 31/ BE\C-
- R
Bydrochloride C} K&l
Mononitrate NOg —

Table 1 shows the chemical and physxca]
characteristics of both compounds.™-1®* From
these data one can conclude that, although
the 2 forms are approximately equal in
potency, their solubility characteristics would
favor the use of the hydrochloride when large
doses are to be administered parenterally.
However, the solubility of the mononitrate
increases to 18.5 g per 100 cc when the pH
of the solutions is adjusted to 4.0. Aqueous
solutions at this pH are stable for one year,
. while aqueous solutions of the hydrochloride

PUPOS— vm e i

2 8tern, E, L., Am. J. Surg., 1938, 89, 485.

8 Steinberg, C. L, s Am Med. Assn,, 1041,
116, 2713.

« Laws, C. L., ibid., 1041, 117, 176,

6 SBchiff, L., ibid., 1941, 117, 609,

¢ Stiles, M. 1L, ddid., 1941, 117, 954,

7 8tiles, M. M., J. Allergy, 194), 12, 507,

e Mills, C. A, J. Am. Med. dasn., 1941, 116,
2101,

8 Kals, F., J. Invest. Dermat., 1942, 8, 135,

10 Eiscnstadt, W. 8., Minnesota Med,, 1942, 35,
861,

u Léitnor, A A., Lancet, 1943, 2, 474.
" 12 8tein, W,, and Morgenstein, M., Aan. Int,
Med,, 1944, 90, 826,

13 Reingold, 1. M., and Webb F. R, J. Adm.
Med. Assn., 1946, 180, 491,

14 Merck and Co., Thiamine Monomitrote, Janu-
ary 1947,

at pH 2.7 to 3.0 begin to show a loss oi
potency in about 6 months.!®

Acute toxicity studies of thiamine hydro-
chloride have shown that, although large oral
doses were toxic, these doses were much
larger than those used therapeutically.!¥-®
However, the same is not true of parenterally
administered doses of the drug. Early studics
indicated toxic symptoms both in animals and
humans!218-20  and recently Haley and
Flesher®! found that rabbits developed symp-
toms of toxicity after intravenous injections
of 200 to 300 mg per animal. This work has
been extended to dogs by Smith ¢ al.** who
have reported similar results.

Experimental.  Acute toxicity of the hydro-
chloride was determined by intraperitoneal
injection in mice and intravenous injection in
rabbits and of the mononitrate by intraperi-
toneal and intravenous injection in mice and
intravenous injection in rabbits. In the mouse
experiments, a total of 150 animals weighing
22-42 g were used and the concentration of
the drugs was 50 mg/cc. The dosage ranged
from 0.04 to 0.07 cc intravenously and from
0.17 to 0.32 cc intraperitoneally. Death oc-
curred within § minutes after intraperitioneai
and within 30 seconds after intravenous in-
jection in mice. In the rabbit experiments

13 Merck and Co., Service Bulletin and Vitamin
By, May 1943, pp. 1.2,

16 Haler, T. J. Unpublished results,

17 Molitor, 1., Fed. Proc., 1942, 1, 309,

16 Heckt, G., and Weese, H., Klin. Wchachr.,
1937, 16, 414, '

19 Perla, D., Proc. 8oc. Exp. BioL. axp Mgp,
1937, 87, 169.

20 Molitor, H., and Sampson, W. L.,
Jahresberickt, 1936, 50, 51.

21 Hdley, T. J., and Flesher, A. M, Science,
1946, 104, 567.

22 8mith, J. A., Foa, P. P, and Weinstein, Il
R., Fed. Proc., 1947, 6, 204.
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TABLE 1I,

. Toxie Doses of Two Porms of Thiamine.

Route of Dose Mortality LI,  Standard
Anima] Form administration mg/kg ratio mg/kg error
Nouse Mononitrate Iatravenous 80 0/8 84,24 +1.14
. ' 84 4/5
86 . 8/5
88 3/5
90 3/6
'] 5/5
» .o Intraperitoneal 380 1/8 387.3 - +165
385 8/5
390 2/5
895 4/5
. 400 8/5
** ' . Hydrochloride. " 310 3/5 320.8 +3.93
: 320 3/56
830 8/5
. 835 4/5
L 340 4/5
E : 850 4/5
Intrav. Avgintrav,
. A_ninku:l Total leﬂml/dose, lethal ¢'i‘oae,
S wt, dose, mg mg/kg mg/kg
Rabbit Mononitrate  Intravenous 3.66 500 136.61 1558
: - 4.30 475 110.46
' ! 8.22 875 116.46
444 437.5 98.53
. 4.66 470 100.85
b : Hydrochloride ” 1.704 180 105.63 117.45
] 1.818 220 121.01
1.591 200 125.70

the dosage was 1 cc (50 mg/cc) per minute
until death, which occurred within 10 minutes.
The rabbits used weighed 3.22 10 4.44 kg.
Table IT gives the mortality figures for mice
including the L)y which is the dose calcu-
Iated to kill 50 per cent of the mice, according
to the method of Miller and Tainter;2* Table
II also lists the intravenous dose required to
kill all of the rabbits injected.

The symptoms of toxicity observed were:
resticssmess, labored respiration, vasodilatation,
cyanosis, muscular twitching, clonic con-
Vultions and death by respiratory paralysis.
This respiratory paralysis was of central origin
because electrical stimulation of both the
muscle of the Raphragm and the phrenic nerve
W that the muscle was still capable of
contraction. Visual signs of anoxia were a
Rradually deepening bluish coloration of the

3 Miller, L. C., awd Tainter, M. L., Pxoc. Soc.
Exr. Bewot. axe Min., 1944, 57, 261.

ears and all other body areas where the fur
was thin enough to permit direct observation
of the skin. In all animals cardiac ar- -
rhythmias were seen upon opening the thor-
acic cage. Auricular/ventricular rates of from
2:1 to 5:1 were common.

In conjunction with these toxicity studies
more than 100 unanesthetized rabbits, weigh-
ing between 3.11 and 5.33 kg, were injected
intravenously with solutions of thiamine
hydrochloride ranging from 10 to 100 mg /cc.
This routine testing over the period of one
year showed that, although fatalities were
seldom observed, clonic convulsions were pro-
duced in 8095 of the animals when the total
dose was above 300 mz per animal. These
convulsions usually occurred after the animal
had been returned to its cage. No viual
signs of anoxia, cyanosis of the blood in the
ear veins or of the skin in the scrotal region,
were seen.  However, no blood samples were
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' Fia. 1. _ _
Top, Respiration, Bottom, Blood Pressnre, - : '

obtained for the determination of oxygen
content so that partial anoxia cannot be
entirely ruled out as a causative factor in th
convulsions. :
Inasmuch as Molitor® has shown that
thiamine has a pronounced effect upon respira-
tion and little effect upon the blood pressure of
the dog, it was decided that a study of this
phenomenon should be undertaken.  Six
rabbits, weighing 3.66 to 5.22 kg were anes-
thetized with 20 mg/kg of sodium pentobarbi-
tal intravenously and 3.5 cc/kg of 20%
urethane intraperitoneally and prepared for
recording of blood pressure via the carotid
artery and respiration by cannulation of the
_ trachea. Respiration was recorded with the
Haley respirometer** and blood pressure with
a4 mercury manometer. The two forms of
thianrine in a concentration of 50 mg ‘cc in
normal saline were injected at a fixed dose of
120 mg alternately. As the rate of injection
partiglly determines the effect on the animal,
2 injection rates were employed: slow (1
mgsecond) and fast (12 mg/second). Fur-
ther, in order to rule vut the effect of pH, 2
rabbits were injected with the mononitrate at
PH 6.8 and 4 at pH 09. The hydrochloride
was always at pH 2.7. Fig. 1 shows a typical

S W

24 Hakey, T. J., J. Am. Pharm. Asen., in press,

record of a slow injection and Fig. 2 is
typical record of a fast injection.

The results of this work show that slow
injections of either form of thiamine had very
little effect on respiration but caused a fall
in blood pressure averaging 36 mm of mercury.
This fall was gradual, requiring 114 seconds
to be completed and the recovery required
219 seconds to reach the previous normal
level. Fast intravenous injections had a
more pronounced eifect on respiration; de-
creasing both the rate and the depth.  There
was also a blood pressure fall averaging 23
mm of mercury.

Discussion. From the results of the acute
toxicity determinations given in Tahle II
there appears to be little difference in the
toxic doses of either form of thiamine.
Further, Molitor®® has found that the mouse
intravenous toxicity of the hydrochloride is
85 mg.’kg which agrees with the 84.24 mg, 'k
figure for the mononitrate.

From the results herein presented as well as
those of previous investigators®" 22 one must
conclude that thiamine exerts ijts principal
toxic effect by paralysis of the respiratory
center. However, the work of Zaidi*® on the

23 Molitor, H., personal eommaunication.
30 Zaidi, 8. H,, Ind. Med. Gaz., 1947, 82, 151,

e
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keqted frog heart and Smith et a/.22 on the
isolated turtle heart indicates that thiamine

has also a direct toxic ceffect on the myo-
cardium, 'Furthermore, irregularities in the
electrocardiogram of dogs after the adminis-
tration of large doses of thiamine?® shows that
* the mammalian heart is affected.

Smhith et ¢/ found that, even after vago- ,

157

tomy or atropinization, there was a prolonged
peripheral blood pressure fall. Haimovici -
and Pick® reported that thiamine caused

+ vasodilatation which counteracted the vaso-

constrictor action of nicotine on the perfused
frog hind limb preparation. . Thus it is prob-
able that thiamine causes vasodilatation by
direct action on the peripheral - vascular
musculature.

Summary. There is little difference in the
lethal dose of either thiamine hydrochloride
Or mononitrate and the symptoms of toxicity
are the same for both forms of the drug. The
toxic effects of both forms of the vitamin on
respiration and blood pressure are due to their
thiamine content and not to the pH of the
injected solutions or to the substituent groups
on the nitrogen of the thiazole nucleus. In
lethal doses either form of the vitamin causes
death by a direct paralyzing action on the

respiratory center followed by cardiac failure.
"The author wishes to thank Merck and Co, for .
the generous supply of thinmine mononitrate used

- in this study.

** Haimovici, H., and Plek, E. P, I'noc. Soc.
ExP. Bior. axp Mrp., 1946, 02, 234,
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TABLE 1
Patch Tests
Results of patoh tests with compoaents and derivatives of thiamine. Water was used diluent, p ;
testa ware hl? for 48 hours and read after 48 and 72 hours. 14 erythema, 3+ erythema, inmm%

veaisles.

Substance . Date Couc. k.‘cu“
ismi 11/4/85 Pure &
Thiseine CH, 11/7/55 10% ++4
| 11/17/85 1% ++4
NeumC-—NH, C===C.C,H,0H 0.1% +
i 0.01% -
. CHy-C C-CH~—N 2/11/56 0.1% +
I N
N--CH Cl CH—8
Co- lase ' 2/18/58 10% ++4
c‘m CH, ' l% +++
. : 0.1% -
NweC—NH, C===CH.C)H,-P,0,(OH), .
CHy-C C.CH,—N
(| [N
N—CH Cl CH—8
4-methyl-5-(oxyethyl)-thiasole 3/13/56 Pure -
C-CHy==C.C,H,0H . 10% -
N
CH——8
3-mothyl-6-amino-5-brom-methyl-pyrimidine® /11/88 Pure ++4
' NomuaC ---NH, . 105G 44
I ' 2/13/58 10% -
CH;-('; h)-—CH.Br 1% -
N--CH
2—nethyl-G-umiuo-s--m‘mcmdkyl«pyn'midv‘nc 2/11/86 Puu
Na=C —-NH, 10% -
Cll.-((‘ I(’)-— CH,NH,
{
N~-CH ‘
Sullathiazol-cream coss g -
Sulfapy rimidive (Julfadissine) S s Pure -
* A primary irritaut. h T T e ’

The substances employed for pateh testing were kindly supplied by Hoflmann-la Roche L.td

reactions. Further patch tests with occupational
eontactants led to the demonstration of posi-
tive reactions to thismine, even in & U 1Y dily-
tives. The patieat bhad sometimes beon employed
filling vialy with thiumhm and had noticed irsi.
tation of the skin during this work. she further

supplied the information that she dily tocks
tallet of vitamiu 8. Thin waa found to contais i
mg. of thismine.

Under conservative treatment the vezems b
uppearcd after a few months, Afierwards the [+
tient changed her oceupation and from Janusy



'CONTACT DERMATITIS FROM VITAMIN B

Webe worked ax u domestic servant ciployed
ahitrashing and eleaning without experiencing
ferther irvitation of the skin. Rhe had no
ot with thismine and (ovk no vitumin B
ubls. After 6 wecks she relurned for a follow
.'naﬂm’ whieh disclosed only residual

ol Behonification of the former patches -

ofcrema.

Sporimendef on; In the period of
4atent during which the patient continued-her
s sadden Barc-up of the cczema was ob-
ibwice, On the first occasion it was rovealed
Wit patient, on her own initiative, had re-
spud work Glling thinminc vials,
The socond time, the ecsema flared up as a
sk of experimental provocation. In order to
w the effeet of ingested thiamine two
Vol tablets of 100 mg. thiaminc cach were
, ‘on the 6th of December 1955, Next
e llmioat healed patches of eczema were
wd ibching. An sdditional 100 mg. of thia-
~ivas adininistered in a coated tablet. The
sy she had an scute relapee to the state
ﬁhwm but after a week the eruption

Asimilar pelapee oocurred 2 montha after the
e had disappeared. At the eontrol exnmina-
Yo the 11th Febeuary 1056 supplementary

tests, scmtch- and intracutancous tests

™ performed (cf. table 1). Patch wsts with
Hamin were positive as previously, and & cross-
#clion to og-carboxylase was demonstrated. In-
®evlaneous tests with 0.1 ml. of 0.1 solutions

f“iﬂim and co-carboxylade were negative.

43 Ister similar Intracutaneous tests with 0.1
"i‘“% solutions and half an hour later with

" oiutions of the same substances were per-

"W (tntal dose of thiamine co-carboxylase 22
%) The four injeations all provoked immedi-

Mpular response, a8 is the case in many nor-
= persons

%tween 6 and 10 hours after the injections a
Pite aren, of erythema appeared around the
8. Sartly after hoth hands and wrists were

wly. involved, Next day the pruritus had
N’d. it an intenscly red, vesicular der
N?‘F‘M found in all the formerly affcrted areas,

Y duy old patch tests showed no focal re-
:W. but late papular reactions of 20 by 20
‘&'_ilhmt vesicles, had appeared at the sites

d 10, while the co<arboxylase had given
roaction

iy
Ualtr tremtment with ino oxide lotion the

Rlicutaneous injections with thiamine
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TABLE 2
Reactions to thiamine solutions of different
pH. Intradermal teatn with 0.05 ml. in 20 patients,

Wheal, mm

‘ rH ’ R

‘ | Average Range

Thinmine HC, 4 ‘ 3 1125 9.5-18.5
5.6 1025 7135

Thiamine, 47, i

dermatitis disappeared with scaling within ten
dnys.

CONTROLS

Consecutive dermatological patients served as
controls.

Pateh tests with thinmine 50, in water and .
with co-carboxylnse 15 in water were negative
in 100_patients, Patch tests with pure methyl-
amino-bromomethyl-pyrimidin (ef. table 1) were
done on 34 patients of which 6 showed positive
renctions clinically of the primary irritancy type.
All'had negative reactions to a 107 solution {and
to thiamine). Later 122 paticnts were tested with
a 10Y; solution of the same pyrimidine deriva-
tive. One patient showed a positive cezematous
reaction to 8 109, and a 5¢; selution, but nega-
tive reaction to thiamine. The cause of the posi-
tive reaction could not be aseertained.

Intracutancous tests with thinmine confirmed
that this substance normally produces a wheal
and a flare. If 59 and 109 solutions arc em-
ployed such reactions are often accompanied by
pseudopods.

Similar reactions may, however, be provoked
in many normal persons by intracutancous tests
with 1% acetic acid which has about the same
pH as a thiamine solution.

In order to determine whether the whealing
effect of thiamine might be due to the low pH of

- the solutions, the reactions to.a 49 solution of

thiamine werc compared to those of a thiamine
solution of pH 5.6. The latter solution was pre-
pared by mixing equal parts of a 2 normal NaOH
with an 8% solution of thiamine. Owing to the
instability of thiamine at the resulting pH of
6.6 the solution wns prepared immudiately before
use and discarded after 60 minutes. The results
(cf. table 2) confirmed that the reactions are due
to some specific action of thiamine.

The whealing after intracutaneous injcctions
of thiamine is generally attributed to an
enhancing effect upon the cholinergic nervous
system (2, 4). In two patients, however, with cho-
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linergic urticaria and a verified high sensitivity
to cholinergic substances, inteacutaneous re-
actions to thismine did not show any peculiari-
Intracutaneous tests with co-carboxylase 19
0.05 ml. wero porformed in 30 patients and
showed in 25 cases a wheal ranging from 5 to 14
mm. accompanied by & fiare up to 40 mm. The
flare remained for more than 20 minutes. 59 and
10% solutions provoked similar reactions but
left a central mecrosis, probably owing to the
strongly acid reaction (pH 1.5-1.8).

DIBCUSSION

Of special interest in the present case is the
telapee of ecsema provoked by the ingestion of
thinmine. Dalton and Pierce (5) administered
thiamine by mouth, in unstated dosage, to ten
paticnts with positive patch tests to aneurin. No
“untoward signe or symptoms resulted.” In the
present case the ecsema relapsed mfter ingestion

- of & dose of thiamine far above the physiological
requirements, but of a sise used therapeutically.
However, the dose of tolerance corld not be de-
termined owing to the reluctance of the patient
to permit further tests,

It is particularly striking that n vitamin which
normally plays an essential part in cellular me-
tabolism should have antigenic propertics, So
it might be presumed that the primary allergen
is an impurity, possibly a decomposition product,
which under occupational conditions of exposure,

might oceur in sufficient concentration for scnsis

tising.

Impurities, however, could not explain the
hyperreusitivity in the present case, where patch
tests with pure crystalline preparations from
different sources (Merek; In Roche) were all POsi-
tive.

‘The decomposition products have not been

" tested in any of the previously reported casos
of hyperscnsitivity to thiamine. Sensitiz:tion to
these products might oceur since thinmine s
unstable at the prevailing pH of the skin surface.

Pateh tests with the pyrimidine-component
of thinmine pure aud in 107, solutions were posi-
tive, but repented tests with 100 and 17 solu-
tions were negative (cf. table 1). Ax thiamine
elicited positive reactions even in 0.1 alutions,
it is unlikely that the decomposition products
could be the prinary allergen.

Although the pyrimidine derivative employed

THE JOURNAL OF INVESTIGATIVE DERMATOLOGY

for the tests is & primary irritant, the ..
provoked by it might be an expremiog 0":“"“'
sensitization or secondary allergy, PROVideg w0
pyrimidine part was the sntigonic dotes. M
group of the thismine molccule. Pl (-m::'
tisation should, however, have includeg o
aminp-methylpyrimidine, which wag teateq
with a negative result. Thus the ohserveg N
tions from the bromo-methyl-pyriimnidie n :
have heen due to the primary irritant Proper;
of the substance, and it may he tonelugdeq h
the primary allergen in this case was the Ve
thiamine molecule.

Considering the chemical structupes it iy

derstandable that n croms-reaction to ¢ o

- boxylase could be demonstrated. 1%y i,.‘“}:

ever, of some theoretical intercat, uy it oeing g

- be the first demonstration of a hywemntitivityb

a pure co-ensyme. .
SUMMARY

1. A cuso of occupational dermatitis from, .
mine is reported. Relapaes of the 6C8C0A Occury)
after ingestion of thiamine (200 mg) and Iy
after intracutancous injection of 10 mg thismige.

2. Patch tests with the components indicated
that the antigenic determinant was the wlide
molecule. i

3. A secondary allergy to co-curhoxylase w,,
demonstrated.
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RELATIVR STABILITY OF THIAMINE MONONITRATE
a».mum;; CHLORIDE HYDROCHLORIDE
) i 2 RICHRED FLOUR'

C. M. HoLLenpxck and H. G. ObzRMEYER J

ABSTRACT

Storage tests were conducted on samples of flour enriched with thiamine

- mononitrate snd thiamine chioride hydrochloride, respectively, under both °
. morveal and acoelorated conditions. The relative stability of thiamine in
onviched Rour decressed with incrensed temperature and flour moisture
during storage. However, the stabllity of thiamine mononitrate in flour
fwas influencod less by the temperature and the moisture conditions of the
Rowr than was. the stability of thiamine choride hydrochloride. For ex-
ample, enriched Sour ssmples with 14.5% molsture lost 40%, and 27%,
tenpuctively in thismine chioride hydrachloride but only $% or less in
thiarnlne monondtrate during storage for 4 months at 38°C. and room

“The increased stabllity of thiamine mononitrate i enriched flour is
sttributed to its relatively low hygroscopicity compared to thiamine chloride
hydrochioride. .

With the advent of the flour enrichment program, several labora-
cies studied the stability of the enriching vitamins in flour. It was
generally recognized that thiamine was slowly destroyed during the
storage of enriched flour, and that the rate of destruction was de-
pendent upon the temperature and moisture content of the flour.
Early estimates by the Technical Advisory Committee of the Miller's
National Federation place the average loss in thiamine during six
months dry storage of enriched flour at 5%. Later estimates tended to
place the six months dry storage loss at nearer 15%,.

In 1943, a report from the faboratories of Anheuser-Busch, Inc.,
(1) showed losses of 249 an/| 46% . re<vectively, in thiamine chloride
hydrochloride during storage of enviched flour samples for six months
at 72°F. and 100°F.  Although these seo-age losses were observed for
thiamine in samples of flour stored (4 clused, glass bottles, they were
indicative of the losses which could occur during regular commerical
Bour usage, including stor.ge and transportation.

Federal and state enr.hment standards (3) for enriched flour
specify that it contain not less than 2.0 mg. and not more than 2.5
mg. of thiamine per pound of flour. In the production of enriched

o~ R S S e e
. a »
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flour, the losscs in thiamine encountered during storage and trans-
portatien of the praduct must be taken into sedeunt, since the product
must meot the specifications of these standards even after prolonged
storage and transportation in hot, humid weather. It is general
practics to add an extra amount of thiamine to flour to compensate
for any losscs that may occur during storage and transportation. In
general, 8 small overage in thiamine is ample, since the losses in thia-
mine are small during the oridinary handling of flour. However, there
is some quostion as to whether the total allowance for thiamine between
the maximum and the minimum in the flour standards (0.5 mg. per Ib.)
would make up for the losses occurring during handling and storage
of enriched flour under unusual conditions. ‘

In a study.aimed at increasing the stability of thiamine and thereby
eliminating the storage losses in flour, Obermeyer and Schoeffel (4)
prepared and tested many different salts of thiamine. These in-
vestigators found that the mononitrate salt of thiamine was unusually
stable during storage in flour mixtures. .

The present report summarizes some of the results of studies on the
- relative stability of thiamine mononitrate and thiamine chloride hy-
drochloride in flour, and ‘iflustrates the influence of temperature and
moisture on the stability of thiamine in flour.

Mnterlull and Methods

- Three separatc storage tests were conducted on various samples of
flour enriched with thiamine chloride hydrochloride and thiamine
mononitrate, respectively.  In the first test, 1 Ib. samples representing
nine different commercial flours were enriched in the laboratory and
stored in paper bags at room temperature for approximately. one year.
In the second test, 5 1b. samples of commercially enriched flours were
stored in cloth bags for about seven months under room conditions.
After about 3 months portions of these commercially enriched samples
were also stored in a desiccator at about 70% relative humidity to
compensate for the excessive moisture loss that occurred under room
humidity. In the third test, flour samples were conditioned tothe
desired moisture levels by storing in desiccators under controlled
humidity, eariched, and stored for four months in sealed glies com.
tainers. o

The thiamine chloride hydrochloride and thiamine mononitrate
sed in these studies were U.S.P. grade or its equivalent. In all cases
the thiamine was blended with riboflavin, niacin, and iron according to
the regular flour enrichment mixture formula prior to the addition to
flour. The enrichment mixtures were added to flour samples at lovels
to give 2.0 to 2.5 mg. of thiamine per pound of our. .
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o " . STABILITY OF THIAMINE SALTS ‘

: .MONTHSA STORAGE .
T Mt e gl s et s

-

. ®

-

~The curves in Fig. 2 demonstrate the increased rate of loss in thi-
amine with increased storage humidity (flour moisture). Although
thiamine mononitrate is shown to be more stable than thiamine
chloride hydrochloride under dry conditions, the difference in the
stabilities of the two thiamine salts is even more striking at the
higher moisture levels. ' -

*® ® m T B . “
PERCENT MOISTURE IN FLOUR
T ey

* PERGENT LOSS IN 1
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Further illustration of the combined effects of increased temperature
‘and flour molsture on the relative dtabllities of the twe thiamine salts
in enriched flour is shown in Fig. 3. ‘

The results of these storage tests show comparatively small effects
- of higher temperatures and humidities during flour storage on thiamine
mononitrate when compared to the cflects of these factors on thiamine
chloride hydrochloride. It may be concluded then that flour en-
riched with thiamine mononitrate is much more likely to withstand
adverse storage and transportation conditions and still meet the
specifications of enrichment standards than flour enrichcd with
thiamine chioride hydrochloride. .

. Discussion

‘ -Crystalline thiamine chloride hydrochloride is gencerally found to
be stable when stored as a solid for extended periods even at elevated
" tethperatures in the presence of air. It is assumed then, that the de-
- . composition of thiamine in flour js dependent upon its solution in
+ water. ' This assumption is strengthencd by the observation that the
. rate of decomposition of thiamine in' flour is incrcased by increasing
the moisture content of the flour. . )
! A probable explanation of the relative stability of the mononitrate
salt of thiamine in flour can be developed from a comparison of the
~ hygroscopicity and water solubility of _the mononitrate salt and the
hydrochloride salt. Some of the pertinent physical properties of the
two salts are as follows: : - . .

Name: Thiamine chloride hydrochloride ~ Thiamine monouitrate
Formula: ‘ ) ' )
’ CH§CH|0H N CH,.CH,OH

] H.C . | S )
He—
I A
H—HCQ a NH, NO,
weight: 1.3 3.3
solubility g./ml.: 1 0.03
Hnceaed solution : 2.5-30 6.6-10
} oontent % (609, R.H.): 4 0.1

Since thiamine mononitrate is less water soluble and less hygro-
scopic than thiamine chioride hydrochloride, there is a sicwer rate of
- solution of the thiamine in the flour moisture, and comsequently a

Uuwr‘mu_of decomposition. . oo
. In connection with the use of thiamine mononitrate as an enriching
wtfu‘wf.thefoliwimpuinumﬁhtbemnﬁm: ,
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. (1) Thismine mononitrate is & white crystalline solid, and is fully

. available and active as vitamin B, jn nutritiod,

~ {2) It mectsall requirements under the federal and state Standards
of Identity for enriched flour. R : '

(3) It was made commercially available in January, 1950 and has

* ‘veceived wide acceptance by the milling industry.

Literature Cited

"4 AnmeusEa-Buscw Inc. Com rative thiamine stability of dried staples, such as
CoL m@;ﬂ hea tg;isl;n er normal and extreme storage temperatures, _Se.

oF CmamaL Curuisrs. Cereal Laborgtory Methods,

. . Definitions and sta rds for {, food, drug ‘
! ‘ D: él hf z AW o ’
* ' * & h'e"*‘. CO-. l nc.

N

- gl
-



Hrbek-'67
Bib No. 1638

19067 - ACTA UNIVII'LRSITA'I'IS PALACKIANAL OLOMUCLENSES - TOM 47
FACULTATIS MEDICATL

Medical Faculty of the Pulucl:g‘Uniwmily. Olonioue, Coedioslovalia
Department of Pathological Physiology

Director: Prof. MUDr. Jan Hrbek, CSc.

Department of Medical Physics

Director: Prof. MUDr. Brunoe Schober, CSc.

ON THE ACUTE EFFECT OF SOME DRUGS ON
THE HIGHER NERVOUS ACTIVITY IN MAN.
PART VIIL THIAMINE (20 mg AND 100 my),
ASCORBIC ACID (500 mg)

JAN HRBEK, S. KOMENDA, ]. BERAN, A. SKLENOVSKY, -
K. DOSTALOVA, A SIROKA

The purpose of this communication is to report on the results obtained from wn
experimental series which has been designed io investipate the acute effect of
vitamins on the higher nervous activity in man. The tested drugs were
administered to the persons under investigation in single peroral doses: vitamin
‘B1 (thiamine - 20 mg and 100 mg), vitamin C (ascorbic acid - 500 mg), and
placebo.

METHOD

The experiments were carvied out under standard conditions on 16 healthy
and unfatigued volunteers - university students (8 females and 8 males, ape
ranging from 17-18 years). The experiments were performed dwing the mozning
and forenoon hours by adopting the method of artificial conditioned speech
conncctions (the so-called laboratory language method). The method mads e
of and the evperimental conditions have already been deseribed in ene of aur
carlier papers.® 10 :

The associatio . “object sven - laboratory word heard™ were applicd. The

i
principle of the “double blind™ experiment wis maintaired. During the yviol-
experiment, the investigator prececded only 2 the basis of the code sy stem,

The criteria Tor the evaluation of the roaalis were the nwinhoe of necci
repelitions for mastering the given task, then the vember of cored rospe B



Souree of
variation

Prepsons

Wavks

Drugs

Sets of worids

Sets of abjects
Day x tiine of day
Hesidatn

Tolal

Persous

Weeks

Druys

Sets of words

Sels of objecls
Day x tiae of day
Residuwm

Tolul

Tab. 2. Analysis of va

Persons

Weeks

Drugs

Sets of words

Sets of objects

Day x time of day
Residuun

‘Total

Persons
Weeks'

Drugs

Sety of words
Sels of ohjects

Hesidnuum

Fotat

640

Day x time of duy ’ 1

S of
Solares

224
158

11

bre;

e of

freedeosn

63

Nean
sqnare

15.26
O 67
1467
0.07
1,33
any
7.33

before admiinistration of the drugs.

621
8
38
23

127 .

39
476

417
37
37
57
45
2

481

1,130

Tub. 3. Anulysis of variance - numb
two hours alter

1,704
813
310

8

217

o8

3,524

LA

15

3

CRwnwww

63

41,10
R.43
12,67

9.33
42,08
13.00
1142

0,80
2.33
12.338
19.00
15.00
8.67

14,57

63

1 of the drugs.

113.60
271.01
113.33

.67

7233

3R.00

10.03

Tab. 4. Analysiz of varinnce - number of correct respon:e. (NOH
before administration of the drass,

est
I

208
713
2.0
0.1
0.5
0.00

287
1.9%
0.8
0.6
.91
0.

2.04 -
0.85
0.80 ]
130
1.03
0.60

5.47
14.24
6.90
0.14
3 0
200

Sronitivapee

| N LA
P 0.0l
PO
| BRI KN
B 0.00
PP:-0.05

Tab. 1. Analysis of variance - mumber of necessary repetitions (NNI) i expeviments

P0.0]
IC-0.00
[ R LA
P o~0.00
P.L0.00
P =000

viance - nunther of necessary repetitions (NN i experiments
1 hour after administralion of the drugs.

P .05
P00
0.5
Po0.0)
P o000
o000

er of necessary repetitions (NNR) in experiments
adminislratior

100,01
1" 0.0}
I’ 0.0}
I* (.00,
P 0.0
1 .-0.00

i e perittin .

B




= caovee of
varriadion

Poraonns
Wik
| RTRITEE

Soels o wards

Sote of otjeets
Prav tizne of Jday
Reciduum

Wotal

Tl 8,

Persons
Wiohe
s
Sets ol words

Sels of objecls
Do > tinae of day
Residuum

Tuinl

Persons

Weeks

DPruys

Sels of words

Sels of objects
Day » time of day
Besidonm

Total

Persons

¥
Wevks G.0uu4 4
Dirugs Q.03 N
Sels of wards ! O.0sal, 3
DNt Poooun 3
b s e of day I [ENERES ) &
o Besidoara i it i
j | .1
Tuta! B B [ R '
i !
ﬁ Fal oo Amalysb ol vk o0 - e ey o e
[ R N Y I S S AR TR U

LT )

Analysis of viricnoe -

Svn of By vve of
Sy fiv- o
o ih
4 i )
i
1]
1 A
i ) 3
! [INRT 13
’ |
IRIR S ; i

nuinbier of eareeel

Men

s

pooIn
pEoas
BRI
e}
Fotan
Se 0
1oy

l(“‘l [RR SR A

I hose after wdministedion of the droag,

Lt Lo
A 4
Jon 4
4 K]
33 K}
PaA 3
1,070 R
3,900 1)

Tah. 6. Analysis of viwiance - number of correct responses (NGEH inooxperiie

hours after admindsb ation of the deaps,

03907 15

5 K}

3

Q0795 3

0012 3

0ars 1

| (.50 KRS
' |

i [

| IR |

0.026 150
LIATHUR T
QUL 20
G.00h s
Q0 en)
.o ass
[ARYN I ARSI

Fab. 7. Analysis of vaviun ¢ - frequency of yesponses (1714 in

adiminislvation of the drogs,

¢.6140 L

bl S
I
M ‘ I
[IIRARN N
to [
Vo b
P
[N b
(N esgnciinn
N N
(KRR 3
1 v I’
Gl [
0% i
P P
ul-
S Y b
3N .
L1 P
BN ) P
Ly N
[T P

eaperiients boforn

000y | 40 | I
(ORI BN ] RN . I
Gl Fog I i
[N TS K [ I
[CEE T T T jr
Goaiie -y | I i
[EOL IR

Proodn osper b il
.

{h
-4l
)
t)
0
-

"
0
I3
-
b

i

tH

th,

A
RN

14
Al

A
A
[N
i,
[Eh
N

5]
i

i



Louoee

bl

Pran W dinge
Iesiduum

Total

(RTINS

Before
administration

1 hour after
adininisteation

2 hours after
administration

Y al,

Pitefore
solininistiration

il Lfter
Achimiin 2o b

frovars af.
adrundsten e

variatie

sSetso ol ob eeds
ul sy

ol

10

Tah

11

Stalyvsis of voniaser -

SO el i

LR PR A

Qo
[EN TN
RN

oo |
[IXRAN
o,

(USSR

{F wede

frequenes
afles

Wi i

NINTE
NCIt

VR 1
NNEOD
NCIG D 260

h
N
NOIR
i

>

1 Natanune ¢ ‘
Iptpees
Preug 05 g A l
!
NN 7o i
NG DR ‘[
Vit 0,06 !
!
N [ |
N Dot
NN oo
ATH s |
Nt i |
' [ i
A I T EN O

of pesponses
whnuoi-bration of the

(He o

o
[ IR SN
[IRERRY
[IETA N I AR
0,006 Yo
O o ontd

(it in

dhaps,
i .

I

6.1
330
0.59

K.Y 7.9
QT 28.5

0.0 0.50

B0 &0

7.
0.

tie

{ et

v 0.5H6

s - {he oftecl of weeks.

Vitinine 1By
[AUUSTITISN W

Vit ioe By
S, b

e -

bood ‘ TN R FERN AP
I 1 I
ol e
! [T
iy I* 0
[ ; [T
o, 1 , | L T A
ol l oo
experinetuts tao o
| A v,
H.o [\
g6 1.1
0.6 (AT
4 0
Q7 1.6
.62 [UR TS
104 0.
27 .0 1.1
0457 0.2




Betore
aohinhnisiralion

tohonr affer
Aadminisirntion

S ohours alier
adminisiraijon

Before
administration

1 hour after
administration

2 hours after
adininistration

Refore
adininistration

1 hour after
whivindsteation

2 hours after
adie inistration

I Y T

Rels o |
Latsarafo,y i
werd: E

'

Nt
S|

| S

Wit

N '
|
!

I

N
N
i

oA

Tab. 13. Avernge

Sets of
ohjert.

NNR
NCR
FIR

NNH
NCR
FR
NNR
NCR
Fit

Time of day

Fab 12 Average values of ehraactoristios -

fhe efteet o

Qa b
7.0 6.4
9.3 349.4
0.50 0.62
9.1 10.6
26 4 4.5
0.56 000
0.4 10,2
5.2 26.6
057 050

valurs of eharaets

m

rieties

orning

fe

b !
71 V]
R N
(R
Foid
P Ve
00
e )
| 26

0.0

toof b

[ o
7.4 6.4
g1 321
0.6 (.0
7.1 1G.5
31.7 RV
0.57 (YR
9.2 7.
Q7.2 2N
00L3 [URTR

e effect of sol ot alijocts

farcnoon

Lt
1.6
0000
Frou
b
o0

alory voopdds

G.7
bl
0.002

(.9
1.6
(S AN

1.9

b4
(.00




and the frequeney of responses during the Tivst cight cepetitions (lesting ol (he
sctive knowledge of the subjects).

The sources of voriability were: the differont rcspouses obtoined  frone (4
persons under investigation, the repetitions dming cacl week i succession, il
scts of demonstiated objeets, the sels of laboratory  (artificial, unhnown) waids
desipnating the objeels, the tested drugs, and the time ol the day at which (e
expecicants were performed. The yesolts olitained were assessed on (he hasis of
an analysis of variance (Tables 1-9),

An analysis of the power-function of the statistical test was carciced oul in
order to estimate the sensitivity of the method of artilicial conditioned speech
connections, i. e. the ability to reveal the effect of the studicd drugs on the
higher nervous activity in man3

RESULTS

An analysis of the results has been carried out separately for the number of
neeessary repetitions, the number ol correct responses, and the frequency of the
responses ohtained during the experiments carricd out before, and one and two
hours after the administration of the drugs.

Number of necessary repelitions

In the first experiment, a dilforent response of the persons under investipation
(F == 2.08 for 15 and 33 degrees of freedom, further on.only as d ) and
a pronounced improvenent in the responses in the course of the weeks in
succession (F == 7.18 for 3 and 33 d. £) were observed. The effcet of the
different levels of the other factors did not reach statistical significance.

One hour after the administration of the drugs, the responses recorded from
the individual persons (F == 2.87 for 15 and 33 d. £.) and the degree of difficulty
in acquiring knowledge of the sets of demonstrated objects (F = 2.94 for 3 and
33 d. [) showed to differ significantly. The cffect of the other factors wis
statistically insignificant. A pronounced impairment appeared, however, in he
results ohtained after administration of vitamin b (100 mg) and vitamin C
(500 mg).

Two hours after the administration of the drugs, differences were only fonud in
the responses of the individual persons (F == 2.04 for 15 and 33 d. £.). The best
results were observed in experiments carried out after administeation of vitamin
Bi (20 mg) and vitamin C (500 my).

Number of correct responses

In the first experiment, differences in the respooes recoided from (b
i

individual porsons (F =2 597 for 15 and 33 4. £.) a deliniie improceanest by the
responses aleng with the repetition of the cuperiments, i c. in the e ults ehisiiaed
frow cach experiment in succescion (F = 14.24 [or 3 and 33 1), and il

degree of difliculty to acjuiic Fnowledee of the sets of dei iy ated oot
(F = 595 for 3and 33 d. 1) were obses cod. The stnificars of the off 107 0
“drugs” has already been discussed in one of our previous papuis (Fart Vi,

(<11
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One hewr after the administration of the driss, iliciences were apparent in
the responses of the porsons under investipation (b 393 for 15 and 33 d. 1)
and i the degree ol dilliculty 1o acquire knowledge of the sety of demonsteaged
objects (17 - 3.72 for 3 and 33 d. 1)) The efieet aof the Tevels of e other Tretors
did ot veach statistical sipuilicanee. A sipnificant impairorent was, however,
olserved i the number of coneet responses pacticulacly afier adininistraiion of
vitenn C (00 mg). Poorer resalts were also achicved after apphication of cach
ol the two doses of vitamin By (20 my and 100 my). '

Two hours after the administration of the drugs, the responses obtained Trom

the persons under investipation differed signilicantly (I < 271 for 15 and 33
d. L) and pronounced differences also appeared in thie degree of dilficully to
mewmorize the sets of laboratory words (== 318 for 3 and 33 & 1), Alter

administration of vitamin By (20 mg and 100 mg), the improvement in the
responses was at ‘the devel of statistical significance, Very good results werd also
oblained alter administration of vitamin C (500 nip).

Frequencics of responscs

In the [irst experiment, in addition to the different responses of the persons
under juvestigation (F = 2.19 for 15 and 33 d. L), a sigoificant increase in the
results obtained from each week in succession (F =- 3.53 for 3 and 33 d. £l
could be recorded. The elfect of the levels of the other factors did not differ
signiflicantly.

One hour after the adminisiration of the drugs, similar results were obtained.:
sipnificant differences in the responses from the subjects (F == 491 for 15 and
33 d. 1) and an improvement in the responses in the course of the weekly
repetitions (1" == 3.97 for 3 and 33 d. [). Application of vitamin C (500 mg)
resulted in a deercase in the frequency of responses (i e. prolonged latencies);
the values obtained were at the level of statistical significance.

Two hours after the administration of the druys, signilicant dilferences were
found in the responses of the persons (1 <= 3.04 for 15 and 33 d, f).

An analysis of the power-function ol the statistival test shows that, with the
help of the experiment, the effect of the applicd drug can be established with
a reliability of 0.95 %, provided that, one hour afler administration, the cffecl of
the drug, in comparison with that ol the placebo, is by at least 56 % higher in
the number of necessary repetitions, by 28 % in the number of correet responses,
and by 20 % in the frequencics of responses. From the. results of the statistical
analysis it is concluded that the effeet of the drugs is smaller than the given
pereentage rates,

Analopously, two hours aficr administration, the experiment shove, the g
as efivciive if, in comparisan with qhe pleech,) jeo clier bepbos by we b0
45 % in the pumber of neeestary repeiitions, by 29 4 n the o of coes o
restrisoscand by 23 % in tle frequencies of respnonses, Feome the spasion !
analysis it follows again thar the effeet of the drugs has not roacked the i,
perceniave rirtes.

The means of the effect of the various lovels of the Luctors unlt control duiring
the cxperiment are given in Tables 10-14. A comprrison botween the offec) of
the druss under investigation and placebe has been illustrated in Diagrams -4,

H48



DISCUSSION

‘The vitamin By (thiamine, ancwrin} is a derivative of pyvimidine and thiasol.
It contains both an amino group and bivalent sulphur, which L piven rive 1o
its name thiamine, Its presence is absolutely necessary for the normal fancion of
the nervous systen.

In the tissues, vitamin By appears bound cither to pyrophosphoric acid o to
lipoic acid. In combination with pyrophosphoric acid it forms a coferment of
carboxylase and dehydrogenase, i e the cocarbozylise. A combinstion of vitanin
B with lipoic acid gives rise to lipothiamide which transforms pyruvie acid into
acetic acid. :

In the organism, vitamin By affects the carboliydrate metabolism, 1n cases of
vitamin By deliciency, lnctic acid and pyruvic acid accamulate in the tissues
(particularly in the central nervous system). The uptake of dioxide decreases.
This may result in scizures or cven paralysis. The function of the Jiver
hacmatopoiesis, and the function of the endocrine glands, ete,, are abso invalvad.

Morcover, vitamin Bi potentiates the cffect of acetylehioline. So far, the
underlying mechanism is still obscurce, It is assumed that it inhibits the effeet of
choline esterase which hydrolyzes acetyleholine into the less effeetive choline
and acelic acid. .

The daily requirement of the human organism is estimated to 1-2 myg of vita-
min. Br. Therapeutically it is administered in doses ranging [rom 25 to 50 nig
daily.

Administration of high single doses of vitamin By is followed by an increase in
the metabolic activity and in the responsivencss of the central nervous systenn.
Intravenous infusions of high doses may result in circulutory insuflicicacy and
apnea.? i

Zevald' studied the effect of vitamin By (10 mg and 20-mg) on the hipher
nervous activity of normal dogs and on dogs suffering from avitaminosis. Zevald
reporis that ‘only in dogs with avitaminosis an improvement in the formation of
conditioned reflexes is observed whercas in healthy dogs the trend of the effect is
to the ncgative,

Even in man, no stimulating effect of vitamin By on the mental or physical
capacity could be demonstrated.¥ 16

Graf® observed a statistically significant impairment in the results obtained
from persons put to mathematic tests after administration of higher deses of
vitamin Bi. The subjects soon complained of fatipue and hypersomnia,

"Michalovi®® draws attention to the fact that in psychntics, during adminis
tration of vitamin Bi, a greater responsiveness of the nervous sy lens noest
be taken into consideration. In cases of neuvrashenin sl erhooetion, 1l
administration of vitamin B; way reselt in an et ol the oo
dition. Michalovd carried out ker experituents o5 s 5
attendants), who weie given daily two doses of vitaris Bo(h i) A e
ing cffect on the physical copacity of the porsons waders fiveaigation oo na 1,
demonstiated. On the couttary, the persons complained of d.owsinogs, fatiabiti
agitation, cte. '

In man, vitamin C (ascorbic acid) has the significance of an actual vitamin,
According to Charvat,™ it plays a special role in comparison to the other vita-
mins. The daily reguirement of vitamin C amounts to approvimately 50 g,

. 1
. ;,’ (”,"“I»’U R Y
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vhich is o muhiple of the vequired goandity of e other vitonin., Clog
assinnes that this s attvilmtable 1o the Tact l]!:!(, i the comrse of evaluti ",
covorbic avid has hecome o vicimin moch latey than the other vigauin: Jh.
Fadivg offors ancexphmation for the relatively hiph toleranee ol ascarbic adil.

Several findings made by different anthors prompied us to study the offecr of
a sinple higher dose of ascorbic avid on the hipher wenvous activity in man, In the
Pt place it war the fact thai the brain is one of the organs having the hioheat
fevel of ascorbic acid. Tn the bain, its presence s absolutely necessary Tor 1l
wetabolisime ol phenylalanine, thyrosine, and phenylpyruvie acid. Hess? pointed
out that ascorbic acid had an inlibitory effeer on adenasine triphosphatise which
was activated by Mgt Na', and K jone Glynn™ 5 Tound that ascorhic acid
produced an inhibitory cflect on the transler of sodium aund polassiu through the
cell membrane. .

The adenosine triphosphatase activity is a necessary  requirement for the
development and mainienance of the concentration level of potassium and sodivm
ions botween the extracellular and the intracellulir medium. A disorder iu the
concentration of these ions is followed by a decrease in the potertial of the col)
of the central nervous system. The neurons tend o depolarization and (o
discharyes, _

Adenosine triphosphatase contains $S-groups in its prosthetic component. Their
reduction results in the reversible inhibition of the aclivity of the enzyme. It is
assumed that ascorbic acid may reduce these groups either dircetly or indivectly
with the hielp of glutathione. *

Sklenovsky™ reports that the common feature of inhibitors which interfere with
the transfer of sodium, potassivin, and block the adenosine triphosphatase as for
example ascorbic acid, ouabain: and EDTA - is the liberation of glutamic acid
from the intracellular medium and its transler into. the extracellular medium,
Sklenovsky studied this phenomenon in vitro. He suggests that the same process
might take place in vivo, particularly after application of high doses of ascorbic
acid. To his opinion, higher doses of ascorbic acid have a stimulating ellect on
the central nervous system.

The administration of large doses of ascorbic acid may sometimes result in the
developmient of vagotonia in children or, in adults, in inercased dinresis up to
dehydration of the organism.?? »

Higher coucentrations of ascorbic acid may also result in a higher level of
reduced  glutathione in the tissues, the sccondary effect of which would be
a modification of the activity of various enzyniic systems and thus of the whole
melabolism. It is generally known that by alfecting the §S8- and the SH-groups,
elatathione has an activating or inhibitory effcet un approximately 18 enzymns,.!

Jinsky? is of the opinfon that in the tissue, wscorbic acid promates hydyo-
ylation of plienylalanine and thyrosine 1o cat-chiolamines, it accelerates (he
hydroxylaticn of desoxysteroids to steroids, it facilitatos the transfer of electiouns,
and it brings about oxidation witliout phosplorylation.

Our experitental series was designed to study, during thie Tirst two hours after
administration of vitamin By (20 g and 100 ) and of vicemin C (500 myg),
the effect of these two vitamins on the formation, fixation, and the Lutencies of
artificizal conditioned speech connections in Lalthy subjeets.

In experiments caried out one hour afier applivetion of vitanin By (100 )
and vitamin C, a more pronounced, hut shatistically i tanificnnt inpairment was
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ohserved in the mnber of rocesany yepetitions. A very novked dmpnis 0 0L
vitlues were at the Tovel of stoianca] significance) was cocountered i the ot
of correet responses and, particularly in the Dreqaeneies ol vesporses alty o i
high dose of vitamin C (500 mg).

Two bours after the administiation of the vitaning, el of e v o
vitimin By brought about & more pronouvnced depeeveniont iy the pander o
correct responses. The numbor ol necessay  repetitions wis Jowesl alte
ppplication of a 20 1y dose of vitamin By The freqrencies o the cespones
differed ouly slightly.

When the method ol artificial conditioned speech conmeetions ss made wer of,
the resulis oblained indicate that, one hour after administration, ascorbic acid
(00 me) produces a prolongation of the Tatencies of the responses and o decrenn.
in_the number of correct responses. Bach of the two doses of vitansin 13 e
a favourable effect however, only two hours after application of the vitaniin, i e,
they improve the Tixation of arvtificial conditioned speceli conmections (the nnmber
ol correet responses shows to he incrensed). :

of

SUMMARY

(1) The method of artificial conditioned speech connections wis used to study
the acule effect of single, higher, perorally administered doses of vitwmin B,
(20 mg and 100 mg thiamine), vitamin C (500 myp), and placcho on the higher
nervous activity of 16 healthy and unfatigued volunteers - university students
(8 females and 8 males, age ranging from 17-18 years). The experiments were

“carried oul during the morning and forenoon hours.

(2) The investigation of the subjects was always performed belose, and one
and two hours after the administration of the drups. The sources of variability
were designed on the byper-gracco-latin square. The criteria for the asscssinent
of the results were the number of necessary repetitions, then the number of
correet responses, and the frequencies of responses during  the first cight
repetitions (testing of the active knowledpe of the subjects).

(3) Tu experiwents carried out one hour after the administration of the drugs,
a statistically insignilicant impaivment was observed in the number of neeessiry
repetitions after administration of vitamin By (100 mg) and vitamin ¢ (500 g,
and a pronounced impairment (the values were at the level of  stalistiod]
significance) in the number of correct responses, and in the frequencies of
responses afier application of vitamin C (500 mp).

Censequently, application of a sinale dose (500 ) of ascorbie acid reaults
in a significant prolongation of the Lutencics of e respotises and inca docren e gy
the number of correct responses wlion the artificial cos-litioge] SpFee b conne e,
are claborated.

(D In experiments carried out two hours after advibsiaion of encl of 1b -
twe dovos of vitwain Br,oa mrked inproverient i observed in othe omhe o8
correct responses (the values ars o to the Jeve! of atatistical signifiosanesy,

(5) On the basis of an analysis of the povser-Tanction of the statistica] teat, the
scasitivity of the method made use of lLas bees catablist . | The nethol of
artificial conditioned speech counections enables us, uider he piven esperime: iyl
conditions and the same extont of the exparinient, o d~ermive (with a reliahiliey
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With increasing use of vitamin preparations, particularly active
vitamin preparations, the problems due to massive vitamin intake has
recently drawn attention. One of the problems that require attention
is their effect on the metabolism of other vitamins. 1In 1940,
Sydenstricker et al. (1) observed the aggravation of By and B deficiency
syndrome in pellagrins given massive doses of nicotinic acid, and
Leitner et al. (2) also called attention to a similar phenomenon. In
Japan, Inoue et al. (3) continuously administered large doses of TPD
(thiamine propyldisulfide), a derivative of vitamin B,, and noted vitamin
B, deficiency syndrome in the patients, but Miyagawa et al. (4,5) failed
to observe any apparent change in the organs or any disorder due to
large dose administration of B_. In the previous 2 papers, the author
discussed the effect of By, B, and B, deficiencies on the biosynthesis
of protein bound LiA (lipoic acid). In thepresent experiment, he studied
whether or not massive administration of Bj, By, and Bg could influence
the LiA metabolism, particularly the biosynthesis of bound LiA.

EXPERIMENTAL PROCEDURE
(1) EXPERIMENTAL ANIMALS AND FEED

Forty days old male Wistar white rats weighing about 50 g were
raised on the standard solid feed for 4 - 6 days, and divided into 9
groups. The feeds given to these groups contained Bj-HCl at | mg (group
I1), 10 mg (group III), and 50 mg (group IV) per kg of body weight,

TTFD (thiamine tetrahydrofurfuryldisulfide} at 1, 10, and 50 mg per kg
b.w. (V, VI, and VII groups, respectively), By at 1 mg per kg of b.w.
(group VIII), and Bg at 1 mg per kg of b.w. (group IX). After the
animals were raised on the feeds for a specific period of time, they
were killed by decapitation, and examined. The amount of Bj, By, and B
contained in the standard solid feed was 0.2 (mg%). The amount of feed,
given upon demand, was 10 - 20 g per animal daily.

(2) DETERMINATION OF THE BIOSYNTHETIC LEVEL OF PROTEIN BOUND LiA.

As in the previous experiment, Nose's method was empioyed (6).
The nitrogen level of liver Mit (mitochondria) was measured by micro-
Kjeldahl method.

(3) DETERMINATION OF LIVER GOT ACTIVITY

Reitman-Frankel's method was employed (7). Ground liver solutions
diluted 1000 and 500 fold were prepared with 0.1 M phosphate buffer at
pH 7.4, and permltted to react at 37°C for 60 minutes. The activity
was examined in terms of the amount of the resultant oxaloacetic acid.



EXPERIMENTAL RESULTS
(1) GROWTH AND BODY WEIGHT

As shown in Figure 1, the control group (group I) indicated a linear
growth curve, and the maSsive B> group (VIII), a similar pattern of
growth. The growth of the massive By-HC1 groups (II, III, and 1V) was
more favorable than the control group for the first 2 weeks, and the
TTED groups, V and VI, also showed a favorable growth pattern, their
results being close to that of the B;-HC1 groups. lHowever, group VII
which received an extremely large dose of TTFD, at 50 mg/kg, showed
suppressed growth. The massive Bg group (IX) exhibited a pattern
different from the B; massive dose groups, with a temporary drop in
weight gain. It was noted, however, that groups I, II, VIII, and IX
which remained- under observation for longer periods exhibited gradual
diminution of the effect on body weight, with their body weight returning
to the control level in 4 weeks.

(2) BIOSYNTHESIS OF PROTEIN BOUND LiA.

15H

KEY: a, weeks
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Figure 1. Growth Curves

TABLE 1. BIOSYNTHETIC ACTIVITY OF
PROTEIN BOUND LiA (cpm/mg N)
fﬁi:*"ffTJV*M?ﬁﬁmFES“””""”} 2 : 5 "”””“”“”“g‘“‘”"
o/ 40 LoE b ,
o F ‘ K EES 38254 045 b0z 213 © 30852303
B-HCT 1 i 51374109 53671 213 1508:+ 381 | 11254 33
Bi-HCl 10 ; - | 900445 - lr -
Be-1HCT 50 i — | 51231303 -
TTFD ! ; — 55Tk d06 - ! —
TIFD 10 5 - 5300314 | -
TIFD 30 i — 36254514 | -
i1 1 ¢ 40574:237 387.4:4.210 41235251 boosia s
Be 1 ] 3808085 . 6874212 3578062 38114751
do*rpog o
KEY: a, dose (mg/kg); b, duration (weeks); c, control; d, standard

deviation



As of 2 weeks from the onset of experiment, the massive B;-HC1
groups (I1, I1I, and IV) and the TTFD massive dose groups (V, VI)
exhibited the highest protein bound LiA forming capacity of the liver
MiT, but the B, massive dose group (VIII) showed no difference from the
control as shown in Table 1 and Figures 2 and 3. The values of the
TTFD-50 mg/kg group (VII) were slightly lower than the control level.
The biosynthesis of LiA in the Bg group (IX) was clearly suppressed.

In the 4th week, however, the groups given 1 mg/kg of By, B2, and Bg
(groups II, VIII, and IX) showed no difference.

(3) LIVER GOT ACTIVITY

The determination of liver GOT activity revealed no apparent
difference between the groups.

(4) CHANGES IN THE BOUND LiA OF LIVER MiT IN RELATION TO TIME FOLLOWING
THE ADMINISTRATION OF LiA-35s, R

LiA-355 was intraperitoneally administered to groups II and IX at
20 mg/kg in the 2nd week after the onset of administration, and the
incorporation of the substance into the liver MiT protein was studied
in relation to time. The results are illustrated in Table 3 and Figure 4,
As noted in the graph, the B; groups gave the same results as the control
as of 30 minutes later, but the Bg group showed a value 70% lower than -
the control. In either case, the value dropped rapidly, with no differecnce
among the groups in 6 hours.

(5) EFFECT OF OTHER COMPOUNDS

By, CoC (cocarboxylase), Bg, and PAL-P (pyridoxal phosphate) were
added to liver MiT of the control group in vitro, and their effect on
the biosynthesis was studied. As shown in Table 4, the compounds
produced no significant effect.

(6) NITROGEN LEVEL IN LIVER MiT

As shown in Figure 5, no significant difference between the groups
was noted.

CEM/mgN PN
6000: 6000} .
: 4000; *
40007 B cat ;
2000
B. *
2000
controtl ' 1© S0{ I 10 80 maskcdy
- ' Er. TIFD. | .
, " - . Figure 3. Synthetic Acitvity of
a 3B | 2 3 4 Protein Bound LiA.

Figure 2. Synthetic Activity of
Protein-Bound LiA.
(KEY: a, weeks)



TABLE 2. LIVER GOT ACTIVITIES IN THE WHITE RATS GIVEN LARGE DOSES
OF VITAMINS (pyruvic acid u mol/mg/hr)

Rl i, kr'a,,ﬁlf"j’r'J'i_j_x_v (L UL SR ! o

et f 121 ‘ 113 | 1.21 I 118
B-HGL E 1.17 | 1.19 ! L1 ‘ 122
Bi-HCl 10 ; - l 1.25 | - -
B-HCL 50 | - ; 1.04 ' - '
TIED 1 | [ 1.18 !
T 10 — | 1.21 | |
TTFD T 50 i '. - i 1.06 : - ’
% v | 1.18 : 1.23 , 3.22 3 110
B | ! ! 1.23 : 114 ‘ e ! Y

KEY: a, dose (mg/kg); b, duration (week)

TABLE 3. INCORPORATION OF LiA-355 INTO LIVER MiT PROTEIN Gin VJvo)
atwincn H W Bookan Brov S e focn o

3156 } 092 2210 120 L6 L 80 my
% 2550 | 2430 1728 | om0 260
{w ‘ ¥ | gas L o1 | ws: o B 60U 719 354
e o .,L__, T O . ) e .
Cois | 2 | 1zl 306 471 157
60 ' | : ! 360 , v e
| 1582 1737 1053 St 231 9
T O O | S o
S w 1855 RES ' oz 4 oloas o wm im

9 -\!i@: cpuifmg N

KEY: a, time (min) after administration; b, control; c, B;-large dose
(11); d, Bg-large dose (IV); e, time (min) after administration;
f, average; g, unit of measurement

TABLE 4. EFFLCTS OF By, CoC, Bg, and

CPMAmgH PAL-P on THE BIOSYNTHESIS OF
3000 PROFEIN BOUND LiA.
. ha,;'{ i){: ' : cpm /m,: 5
20091 \"x._‘ R ; 3930
1000, ) ta;\\-.':’ Imasng . Col: : 3685
\\\ Be ; 3416
& > .‘;,u W g PAL-P ; 1070

Bi. CoC 2x10°5) [k, PAL-P 45 10-71/
Figure 4. Uptake of LiA-3%s into '

Liver MiT Protein. (:n vive)
(KEY: a, time after injection) KEY: a, Agent added.
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Figure 5. Nitrogen Levels in Liver MiT.

DISCUSSION

With the recent progress in vitaminology, particularly in conjunction
with the advances in the research on the coenzyme action and physiologic
activity of vitamin B compounds, various preparations, such as those
called "active'", "coenzymic", or "internally retainable', have been
produced and administered at massive doses in various clinical fields,
primarily for their pharmacologic action rather than their inherent
actions as vitamins. The research efforts and achievements centering
around By in the biochemical, pharmacologic, and clinologic disciplines,
in Japan have been remarkable, and in our pediatric field, the use of
By and its derivatives at massive doses has been expanded to such areas
as neurologic, muscular, and nutritional disturbances, rheumatic disorder,
and neurotonia. On the other hand, however, some investigators assert
that the massive administration of B} increases the excretion of other
vitamin B compounds or disrupts their phosphorylation. Thus, it is
deemed imperative to thoroughly investigate the degrece and mechanism of
disturbance in the utilization of other vitamins and the biochemical
side effects duc to massive intake of a specific form of vitamin,

The authors conducted the above experiment, and obtained a series
of data. When B}-HC1 was orally administered to young white rats at 1,
10, and 50 mg per kg of body weight daily for 4 weeks, their weight
gain during the first 1 - 2 weeks surpassed that of the control which
had been given .B; at a daily dose of 20 - 40 u, with clear signs of
stimulated biosynthesis of protein bound LiA in the liver Mit. However,
in 3 - 4 weeks, both the body weight and the biosynthesis of bound LiA
were reduced to the control level despite the continued massive B;
administration. When TTFD was given at large doses, i.e., at the molar
equivalent to the dose of Bj-HC1, both factors indicated a rise as in
the administration of Bj-HC1l, at doses corresponding to 1 and 10 mg/kg
of BHC1, but at the dose corresponding to 50 mg/kg, the weight gain
dropped below the control level in 1 - 2 weeks, and the bound LiA
synthetizing activity was no more favorable than that of the control.
On the other hand, the administration of B; at 1 mg per kg of body weight
daily produced no change in the growth curve, or the biosynthesis of
bound ‘LiA, while the same amount of Bg caused the weight gain to drop



below the control level, with suppressed biosynthesis of bound LiA in
.1 to 3 weeks. However, these effects of B diminished in the 4th week
despite the continued administration of the agent, with the weight
gain and LiA biosynthesis being at the same levels as those of the
control.

Summarizing the experimental results, exerted no significant
effect, but the massive dose of By or Bg proﬁuced changes in body weight
and the synthetic activity of LiA ina parallel manner. These changes,
however, subsequently diminished despite continued intake of B; or Bg.
These results can be interpreted as that, following the massive
administration of B, or B6’ the growth and metabolism of a living

organism is subjected to a wide range of effect including an influence

on weight gain, and the stimulatory or inhibitory effect on the bio-
synthesis of bound LiA is secondary to the change in the growth rate

and metabolism. It is also postulated that, while a living organism
continues to receive massive dose of the vitamin, it reajusts its
metabolic activity, or manifests its ability to eliminate the-changes

by producing a B; or Bg combating mechanism or an adaptable enzyme system.
The change occurring in the biosynthesis of bound LiA is not a direct
effect of By, CoC, Bg, or PAL-P as is evidenced by the fact that the
direct addition of these compounds to the liver MiT of the control animals
produced no specific change.

With regard to the nature of the metabolic change produced by
massive By administration, no specific discussion can be made at this
point due to lack of detailed investigation. As stated in the beginning
in relation to Klopp's report (8), massive dose of Bj results in an
increased excretion of B, several hours later. Inoue (3) also observed
that TPD-treated patients developed vitamin B; deficiency symptoms.
According to Shinagawa (9), large dose administration of Bl and TAD
(thiamine allyldisulfide) was followed by an incrcased urinary cxcretion
of nicotinic acid and B;. Several ycars carlier, Cherillard ot al. (10)
stated that the phosphorylation reaction of B; is disrupted by B) and
Bg, asserting that a molar equivalent of B, completely disrupts the
esterification of B} while in the presence of a large amount of By,
the phosphorylation of Bg is disturbed. Moreover, Richards (11) reported
that young white rats developed vitamin Bg deficiency symptoms upon
massive administration of vitamin By, and other vitamin deficiencies
subsequently. These experimental observations suggest the complex
competitive phenomena among Bl, By, and Bg in relation to theirphosphorylation
reaction. In Murata's experiment in which B; was given to laboratory
animals at various doses, no change in organ B, level due to the B
was noted. Although these studies are thc major research efforts
concerning the metabolism of massive By intake, the results do not seem
to provide any direct clue to the interpretation of our experimental
results,

Mibu of this faculty (12) previousyheld that the composition of
amino acids or proteins in the diet exerts a significant effect on the
biosynthesis of bound LiA. Thence, we assumed that the massive dosc of
By may influence the utilization of the proteins in the diet, and the
biosynthesis of bound LiA, subsequently. However, the nitrogen level
in the liver Mit in this experiment indicated no appreciable difference
among the groups, failing to provide any substantial ground for



the above assumption. When the dose was increased to 50 mg/kg, the

effect of By differred from that of TTFD. There is no simple

explanation to this phenomenon. TTFD can be absorbed through the
intestinal tube more readily than B;-HC1. Therefore, its concentration
gradient at the time of internal uptake should naturally be higher than
that of By-HC1l. Thus, it is yet to be investigated whether the successive
accumulation of such differences resulted in the kind of outcome the
author obtained from the present investigation, whether there is

an optimum range of dose for Bj with regard to its effect on the body
weight and biosynthesis of bound LiA, or whether the structural difference
between By and TTFD produced the difference in pharmacologic effect

as a resuit of the massive dose.

The adverse effect of massive Bg administration on the growth and
biosynthesis of bound LiA has already been discussed. Which of the
metabolic systems is subject to theprimary change is yet to be clarified.
Yamada (13) intravenously injected B,, Be, and their derivatives at
50 mg, and observed the depression o% the blood sugar level and the
elevation of the blood insulin activity level by TTFD in 2 hours, and the
elevation of the blood insulin activity level by B, and PAL-P. lle also
found that intraperitoneal injections of TITFD, Bg, and PAL-P to hypophysectomized
and adrenalectomized white rats caused a drop in blood sugar. Morcover,
he administered Bg and TTFD to humans by the intravenous route at 100 mg,
and observed an increased excretion of 17-OHCS into the urine 1 hour
later. These results suggest that massive administration of Bg influences
various endocrine systems such as the adrenals and pancreas, and these
general effects produced secondary changes such as a change in body weight
‘and activation of LiA, but a closer study is yet to be made.

LiA-35S was injected to white rats which had received massive doses
of Bg for the preceding 2 weeks, and the formation of bound LiA in vivo
was investigated. As illustrated in Table 3 and Figure 4, the values
were significantly lower than the control level. As has becn maintained
by Cherillard et al., the internal phosphorylation of Bg may be
competing with the reaction depending upon ATP which is also requited
for the biosynthesis of bound LiA. Examining the results of this study,
it is found that such an effect is temporary, and the prolongation of
the administration of Bg is of no significance.

In a series of 3 papers, the author has discussed the corrclation
between various water soluble vitamins and the formation and maintenance
of bound LiA. The results of the experiment varied according to the type
and dose of the vitamins and were highly characteristic. Some of the
results are yet to be analyzed and explained, but since these experimental
facts are immediately related to our clinical practice, they should be
used as the foundation for the elucidation of their action mechanism and
proper clinical application.

CONCLUSION

By-HC1, TTFD, B, and By were orally administered to young white
rats at massive doses and the following results were obtained.

1. The administration of Bj-HCl stimulated the biosynthesis of
protein bound LiA regardless of.its dose.



2. TTFD at 1 and 10 mg/kg per body weight produced the same
effect as By-HC1, but at 50 mg/kg, the biosynthesis of bound LiA was

reduced.
Massive dose of B, exerted no effect on the biosynthesis of protein

bound LiA.
4. Massive administration of B temporarily depressed the biosynthetic

activity of protein bound LiA.

The summary of this paper was presented at the 16th meeting of the
Society of Vitaminology, and the 153rd meeting of the Committee for the
Study of Vitamin B. :

The author acknowledges the valuable assistance extended by
Prof. Nakamura and Dr. Kusunoki.

REFERENCES
1) Sydenstricler, V. P, et ol i J. Am. Ml 77 Reitman, S.. Fraaiwel, S0 A )L Clin, P
© Assn. 114, 2437 (1910) 28, 56 (1937)

2y leitner, ef af. @ Briv. Med. J. 1, 609 (1915) 8) Klopp, ef al. : Am. J. Med. Sci. 205, 652
3) kb Bk gD ADRNI DU Y TR0, (1943)

69 (1956) . Q) SNF vy Ty 1L 178 (1956)
O KA oD U 3 2 18,353 e 10) Cherillard, P L. Thosi, N. V.: Bull. S
5) AR - SR BUFA Yy 1. ' Chim. biot. 33, 1147 (1951)

23, 103 (1961) 1)) Richmds, M. B. ¢ Brit. Med. J. 1, 433 (141

- FIET LIV A , 218 (1961) ) ,
6) fesgip vy 1y 2B ( 12) YIS ¢y 1y (Ehy

133 gL s v s 3 29, 162 (1964)
3. Inoue, Katsura, and Karikome: Bitamin, Vol. 10, p. 69, 1966.
4. Miyagawa, K., and K. Murata: Bitamin, Vol. 15, p. 355, 1958.
5. Miyagawa, K., H. Ikeda, and K. Murata: Bitamin, Vol. 23, p. 103,
1961.
6. Nose, Y.: Bitamin, Vol. 23, p. 278, 1961.
9. Shinagawa, T.: Bitamin, Vol. 11, p. 175, 1956.
12. Mibu, A.: Bitamin (to be published)
13. Yamada, K.: Bitamin, Vol. 29, p. 162, 1964.



et o, 1886
Bitamin 31(4)t 309 - 314, 1965, Bib No,

Vol. 31 No. 4

ﬂ’m{n
) vz

309

T Y ARRE D ki 3
VB, B, Bl

sHIFTDBIE 2 & vofishy

XGRS DY R ok

164 BYAT § YRAT NAMETRS /P4 l~l~:fr: R s
m Wik /A 25

§

THE EFFECT OF B VITAMINS ON THE BIOSYNTHISIS
OF PROTFEIN-BOUND LIPOIC ACID
a1 INFLUENCE OF THE OVER-DOSE OF B VITAMINS ON THE
BIOSYNTHESIS OF PROTEIN-BOUND LIPOIC ACID
-4

h

Hidchiko Kato

Department of Pediatrics, Kyoro Prefectural University of Madicine, Kyoto
Influences of daily administration of a Lage amount of thiamine, thiamine tetrahydrofur-
furyl disulfide CVTEFD), riboflavin and pyridosiie to rats for a month were investigated by
obscrvations on the growth of rats, the hinsyethesis of protin-hund lipoic acid in liver
mitochondria and the activity of glutamic oxalacetic transaminase in liver homogenate. Over-
dose of thiamine (1,10 and Z0myp kg TTEFDY 0 and omgr/kp, induced an increased
biosynthetic activity of protein-bound lipoic acid, bt over-do.e of TTFD (Omg, k)
Over-dose of riboflwin did not offect the

and
anel
pyridoxine induced a decreased biosynthetic activity,
bissynthetic activity of protein-bound lipoie  acid.
aminase was not affected in those states.

Tle activity of glutamic oxalacetic trans-

AHE T TR Qe BENY 2 1 DTEOL AL \;.. Z.
OBRIDNTVUE S I v DI E A I hA T SuimA e 1 e o
. R, g M O ik
&bi)”’t)‘l— l')‘ fiofiﬂx (’)l;.s;ln ﬂfunlm
[P AR AW NS AR U b TSP Mt S S B i (1) REREINL LU
RN HANL L A ChD, THDY, 7T PEERLIE U B0 T, (8300001000 Wis-

tar AR 0 2oL T A, BT

219405542 Sydenstricker BN {3 RF Y Sp i 0
FROINAZG AT A0 2w, B B 4uS i
BADTWT L 23500082 -’)& L

Leitner 5D QI3 2k #LHLL Tw 2, b2z s
WTHIEESI RO ENTE D l‘l’I)*” PR
ﬂ?.iz-izsmmLf:zi‘é»u:-:li-»?:cf" FNHEIDIEE
BTS2, L9912

tek SN ERRI Lo
Btz sz m s 0 ¢k 't 42 ; LN ot
RN L L et (b e Tu s, i 2 4
FA B B B A 2150008, 1% LIA®S O
b33 Qb A e TR TR D AT HRE (T FE D 1 T
ORI E D LA iy iAo o
El:rjnlf'f’f?i'- /»»,,ww,‘. N e g

*H T l’D- Thiamine props l(h\ullu!o
3 TTFD = Thiamine wtishrdrofurfuryldisulfide

o R HIAT WAL RN A DIS ol (S TR T R
FUIOGR I kprds 7o 0 B-YCHE T CIEED, 100
1), Seog OVEY), TTEFD*® % 1mg (VED, 1087 (V]
T, S0mgOMEE, P 1ea(WID, Bt H“l!f(]\'f'-f)
AR - RAES S U IR
oL ?
0.2, B 027807,
iRzl s e,

(2) 5‘7{3’\ LiA DHEHEOBENE

N fu” G U UL
Bim Mithv s Kt

7:.

A

A uill av}l('-r‘ »J lll
pape g A
LB ED By ’01/31 )IO 20 B

SELE T TUESR 5 10~20g 4

Nicro-IKjelduhl Man 2=

* Il‘\ = Lipoic acid
* A Mit = Mitachondria



310 Mmoo ox

. (3) WGOT ZIMOms

Reitwan- Frankel (49 1256 | THIIL 2 by
0JAL pll7sny RIS CET e 100025 & RG]
PRECE D D 3TC, S0 GG & 412D b a5 L7 o
AFORERD IS L OTE DN DL E L.

€ OBOR

(1) REREB LG

BELES b 3 AR ) R T sl 2o
oL, B /qul'f.f‘s'\l“b"f") & LT

Wiso = Uiy BeHT A8 (WL V) & ‘!’)’i’
2RH I TR DB Ty TTFD# 12
LoV VIR OB Y  Bi-HCH 324507 0 gu_,n]‘i:.')
BEMLI, Lo S0ng/kg 23 Ziom AN
58 L7 AW AV I AT T3S ITE N ADTHEE D0
BOHLN:, Bz oo VRIARZ G e
Fouonpgle LyL, faakm— -’ A

(_

o I N AR

q.
'SOT

' 1
' R

100 RS Pt [ ot

S AT T
?-.7.v'4r,/~ -
] 2 3 a3

AR L:oxL)w}/t'Ja)’.u B LIV ERIE L ,.;
GERIIBIELL 28 (), W, WL N) L Pz
&Y, 4% liul—.hd WE RS (Rl 2 s
IAR

(2) WEBEVLIA 045

A F1 EVIEATLIA DG Cepin lnze N
- w7 I G : ! =
i_j{ff_;[.t(nm/lg - _.__._;J.:.:_‘.'_:-.;;‘__, ___‘__l.‘-4~h - ; e _2 e ‘I_“__, . :j_ IS -__.sfu e
%41 39141704 }2B245 | 40124213 3085.4.203
Bi-HC 51374109 5362213 | 43084-38] 4125.4-363
B-HCI 10 - 85004445 | - .-
CBrHCGE 59 -— 54234303 | — -
TIFD 1 - — 5575.4-496 —
TIFD 1 — 53004314 | - -
TIFD 50 - 36254 514 ' — e
) 1 4057:0:237 3874:4:219 |ABAz L 40870306
B ] 35081285 2687#212 | 35780202 | ssl1a 2l
I R ¥ 2 _
W2 BEAR LA Gikis ' B3 2 HENL LA ol
CPivi/IrmgN CPM/limgN
6000, . soool | [-].]:].
' l'...o : .' ; . ;
S ,’..--. *s. .
B * 4000; * .
. Vd » e | St M ‘
-~ 4000 P cagtpot ey ,
"(\ \\‘-.‘ "’
\ . Bo 2000
: U 10 50} I. 10 50 me/iedy
- cortroll g, TIFD.

X

R¥5 2 2T Mt :::;H DEVIREOM LA OO
BRACE M2 400 142342500 2 300 B0 Al



3

vol. 31 No. 4 Bl; Bey Bedolnd2 4 ai i &0 2820 Lk E 311

288 (L RL WY B 2 OF TEFD RG24 (V. D LAFMI L N L0,
S0 OXE B IO R B s 5l

oz, TTFD SOag/kg 424 VOS2 50 X ) 00 (4) LiA-*S {510 Mit Ri5EY LiA
VESR R B2 SR (NO T2 AR L BRI T DR ML

- LA EBL B Ro# 1 oo/ ket 7 .
LCer LaLZaih B Be od Tog/hei2 L 72 KBAZY 25O, N2 LiA-%5 2008 /kgis ol

mn o, DX)UIowT, 1,2, 3 4@estfir ot
b, WTUG GEMITINI A ENENLNL

25 LET MU sl tm b 5 Z AR A s

Je 3 AT & IS DA ez
LDl . -
: VDELWEDZALHEN, Rl EiasiL i,
@ HGOT &% A ELS T s L b i G Qb L 6 asny
BRI OWTE GOT (s g L nskoia s PRI EA LRI O VIS LIL o
#2 ¥ ALY u R L IO GOT APE (U0 Vs 8w T A fig tho
T . 4 i i . i
NI SRR v R
¥ ® . 1.21 1.13 1.24 1.18
B-HCI 1 17 1.19 1.1 1.22
B-HCl 10 - 1.25 - --
Bi-HCl 50 - 1.01 — —
TTFD 1 — 1.18 —
TTFD 10 —_ 1.21 : -
TIFD 50 /7 T 1.0 -- -
B: 1f C 118 ! 1.23 1.22 1.10
B, 1 1.23 | 114 117 514

3 LIA-SSOEF Mt 55~ E D 2 4 (e wive)

i Xf 4 IBl}Zm‘N! B-J)J"i\)

Lyl 4 )'<§ R Bk (i Bu/\'l “J

%0 3156 2932 210 | 120 684 ‘ 870 ; 418
2550 2430 1728 ': o6 | e 260
g ty 2633 ! 2711 ! 81 f vy | 600 | 749 i 351
O Ot O SRR, SEOL RS co S A SB ER R
2 1251 ¢ 30 ! 4 i
o0 2128 217} s %60 6 o s
1582 1737 1053 70 B < T
5 ) } 1855 l 1954 1102 j: 5 1y 215 i 351 | 123
BT 2= eprin/ma N
B4 LiA-SS O M I i~olh o 4 N " . ,
tg (;” ”[“0) [{ [ ol ) > 42 4 ‘!‘lI‘ "il‘ll;, 1. |\ 'J.S\‘“ ~N B‘ ((( l
) i PAL' l’}.,‘.‘ ’),n’) 7;"_ ;.
3000% 43 )JU ‘ rpm /mh N
' 3950
3797
3885
3416
PAI S 4070
Bi. GoC 2x10°51 i, PAL-P 1410770/




“““““

312 n K

(5) Zhkk

MERDIT Mit §2 Bi. CoC*®, . PAL-1"® 4 in
vitro THML 0 OIS T 3 BN LAk
4 L,m” 3, R EERO L O EATEO X
i3 Ry AR

(6) FF Mit 3¥3:4

BISIZABE S8 NF L GATEOR2EN LN L2
7=,

s FF MieN 4+
Bng;!mahwr !

ses o
e
o sse
con e
.
e

« e e
ess
v
oo
P
e o
- e
-

40 : r i

20t S 3

.
9”
M T2384 1254 1254 1284
,d
. ] ¥4

OO v ¥ 2 AL Foii, & OB
bl e IR RS M H T IV e S B AT AR ]
T wDHW D IR, EAY ,‘J"‘.’ 2 C{RpeEE
N, ULE R ERT SRR UIRIE 3220,
Lmt#%mty;véLT@Maniiww%ﬂ
FUHSL TR DI SN SRR B cfihin b 1 5

£

Ko, & GIBRImA L THREm S (b, #
BHAE A B STERI W E 2 L ol iR
DOPULT O BHIREES - WU, HF033, Ya—es
¢35 PN EEHER U ¥ 8/ SR 340 LR AT s 84
o Khifr G oo iiiizvn g Ua L ikl T
w3, l,z)lL-‘JJ TREHRMIOGI HIED, &Lz
CBOKRESENIB A U LT S B S 2 v
OHARIOHEY AP ER T EOTHL R G, o
LI ABBHEOU S ORI I h oYy
i ORI ZDMAAL TG FI G X ¥ TG
BEOTUL, 37: 0L LT eRT D0z
DTLDLOY, TEDLIIIN LGN L2
3&'31'337.,.
FRI IO E ST LBD X ) AR —

b

HOBRNET:, F bbb B-HC 38y up ¢ i
EKTE L kgdh 720 1,10¢5 X 1F500g % 4 Wy,
L72:2 2D 1 ~28E0GE 1 1 20~10g D1} % a2
REEUZIE~ TR, BE Mit 328 2 e g
LIA @l SIS0 (0 30083 ~ 431
BBHERNEAZL P800 0020 b 68T, +
B LA Gl E DR M o T
LR B-HC EGran s X s s
By bog, 100g/hg Bi-HCHE S e odr 400 Belic
SRR L, TN SRR Ls h )

GRS N 00ng g 24T B E 1~
HRUMASEA L Hh 2 Ah, ho4M8H LiA 4
BERISIRR LI L A SR L D7, i, Bty
$RI 1 hg &7: 0 tog DIXTIL 4 W0 2 e fns
By FAATE LA TURERE Gz N G Ben Lk
LTI RS L Y DB (SO LIA L
1~3 T F 42 Enrxnsz, LaLko
SOLIAIELRNHL G L T AU TII LAY

U3 -

AL, (R, $585 LA QrUEQHIE TN S
VRHE 3 T 2

PlEm s 85N e s 2 E 8330 4 »7: 4 2
BN o Bkl LTI 20aBen SOy ot
EBIAEME L LN S e B T L T ¢
IERENINS, OB0L P b SR
P B R ORI @ ST VR G O S (AN S IV X U )
Tedn by B Beny IR & o 't’)ﬁ'li; f(.«!.’~‘."’.:'»
(RN 2 OB & L St A H R LT )
WU RSN LA w::{uf'_i: ‘»ulm)w
BUARLRVDEFADRECHDE, Oy
P I ARG I A AN ":‘1-*;itf:'ft?.;sﬂ,’\ii'tlfil, ¥
13755, 270020050 B, Bed RUER Y 20007 2 A
RIS RO SR A Sl T I b oL
FLOHDLWEL LU DI ENTED, LALGT
LIA o ‘bz 3 b ini 227%{k30 Bl CoC, B, PAL-P
T E OIS EIT D 2; BE ARSI TIR RN
LEWIIMLTLAALOEETE LN A LA
JIE DL TH D,

ETBANIE I L2 TEITED LD ,,\‘ £k
2% 3 AP INEA VAT TR RE ol VIS i ) TSP Bt
SRR ISRt S T E G, L;’;::AZ
<Pk Sz lild}\'H\J/(. E LRI Be i
I}M)m» &N l\’"pl»“’ LML, Ji B

*5 CoC = Cocarboxylase  *6 PAL- I’—P\xuluml phmpl-'m.



Vol. 31 No. 4

LTI EDEMNN TPD &AL 22 AR B
SR ELDRBZ L, QI I, TAD 0K
RIRAHZ X D IR, = o F VBB e
BIBILERWMLTGS, 3200l h Enld
Cheillard B193 ByonGi Y o LSS A By 22 Py -0l 2 40
SrEERNGHOBIBD L R F AL 5CIIn
THE L~ KIEODOTHET Ti2siBunfyy
BRERINRDHZE2H T D, & 612 RicluudsV 240
yo 3 X IIBOAR #1257 2 EB T ='Iz~"i’;ox
qL, 2WTHUN Y # I - FTENRB LI 00
TED, INLMBOIRNGIY v UL H 2T
Bi. B Ik B rnio e n 3O Gn s
RLTWB30DOLEHANND, LHLBDIxG 6]
REX TR E TR 27 M 6O 5 B % A
BBEE U ORISR D A E B0 S T
aus, L Lwvfiused :nt;w.:.’:‘é::lnf!”‘
GBI nA TSRO EEALO L LG G
AR B2 RO 2 DD T
hEHFZBLOLEHELLNL,
FRULESEDTEPR LMD Y 3 /.‘{; i TR
OEUENESE" LA OS I KEGIBIE 525 2
EERN LI LR DT BRI S e fida o £
PR ESEL, o2 AU THiaTliae G
YRALTS "If‘tfiv/zt 3 EHOLIU LT Ma
BGRE T2 R 2 M 2 SLEy R i 2 B
B o 12T 3 amors, ATl s nghg & L

PN N

ZLECIZBE TTFD T fins s
& {)n}JBﬂl&‘j J\'C-"J 4:" ‘t‘f') "J““: LI‘ I : \ UJ ’.‘.

TIFD ORAT E oo B-HCEH 2 5 4 fidren 2
BHUIRIZE DL ILD & B P REG R Br-
HCLE D2 ¢ Th D, 20X DR D
HHWELED LI LIRND L e oMb bz
DR, A% LA ke s iy «“”'

LT B 552 EWERRAH L0, Tt
B TTYFD o4 Lostieni Aotz i b < Ll
2B & T/ e BiUlDUL NS S AR AR NP BRI M R
SN FHTHD

k&t'lkiﬂ‘:&ﬁ BHIPOR, BGR LA B
Rzl X <f;u~z,ﬂ?z’-»o/m i bR X
ITHLE, IDEBECLERNDGI L LA~

_,..N,n'-

BREIME S (S S P I AR W (S 3 AV
W, E UMY L BB LT R HO TN

50mg

) TAD = Thiamine allyldisulfide

B Ba, Bekhiissr

& AT

'J s M\/»‘ 313

'l(-

FOTET 2L TTED Ciz 28540t v 0 2y
VRO Eite AEMAOCE £, Be PAL-P Tt s
1723 Y o PP &8 L2290 ThHY,
FLFEG DN 0 X L e LCOTIED,

Bo. PAL-P S S s Fang a4 2 2 8
WL TS, 260k e b 100uen TTID &
PR F EMEL LBSIA s e 17T- OHCS o850
DBRADIEFEHELTULL, 2l D ST P I/
2 E B NG LG, MR O e i G
PALTAR P 5 5 SLTS SN 3 Bl :m.: R RASA
PARSRALD 0120 i OFRFEELIE g s G -
RIS ER, wLL5a L'::f‘rrf.;; ThH

R IPEHE N M I ST SO K W S

3 7:Be AT 2 e o u/r Z 12 LAA-%RS 4
TEREL i vivod2 3501 3L O ¥ L\ ‘g s 2oi 5,
>SN AW LD UL 8 A 301K o3l

nT& . '0)!".1;“5 EtIafi~7: Cherillad 250030
D& SO Y L FENEEAT LA Loy
L‘L/"rf.( ATP RGO IS E GO L To Dl 4
ALNE, LHANITRAT: Bl. B ‘2[47 BB D
& ToBNLIGRI 4 -=8E T & DTS
RNz 6 70 531050 "’),ll ’lo””'”A INEEHnL s sl

FORT AL LSS,

E3#E£TUT }'.‘m HHANEEC 2 Y v
EEEBE LA o FEOHIEENI AL
BRGERDYE Y L :»a,w,m«,q TR e v
i3} PN VIR (R NAR SR AT T H E-F S
ML B b I S U I N G O G I TE I I A R R YL B
AR, EOLL DL DO 52T
FLLBIOARD FLDUDTH DM, NEIR RN
EIZL T & LT ot L digi~o i L e
WGz LA AU dnr s v 1>

i -
¥y oA X i Bi-HA 'l"l‘FD, B,
SR P P ANER 2K ”'xi {4
1) Bi-HCI 3345y
T LIA SIRMED NI 45
2) TTYFD O3k s7: 0 1 65 2 Fi0ma/ig £
LT B-HCHE T L UIer - Uy L re i /g
P TIRELG LA n‘fc':t,u.rf.}‘ [WFAS
3 Bokiz it v

&

3- ,‘51]/')4.

Bs e Ao $t13

Py Za il
KH’ILT’TA




314 o BE

DETELE X287,
A BRI~ BRI HIENT LA G
BERETL 72,

ARLERRTIOPIC 5 ¢ v Al & oyi153
BlE 2 s v BEVREG I s st e dsL 1,

OB N 293 2 TH e Bl 2 L
LB L, e e A e T 2 +.

p4 it
1) Sydenstricher, V. P, et al.: J. Am. Med
" Assn. 114, 2437 (1940)
2) leitner, ¢ al. : Brit. Med. J. 1, 609 (1945)
3 JEE BT S ABRTR: vy 3o 10,
69 (1936)

4
5)

6)
7

8)

10}

)
12)
13)

?;-
HHPN S EGE N S A R TS 333 (jo.
A £ Mk AN vy
23, 103 (1961)

B35 : vy 1o 23, 218 (1951)
Reitman, S., Frankel, S. : Am. 1. Clin. poy,
28, 56 (1957)

Klopp, ¢f «l. 1 Am. J. Med. S, 203, 820
(1943)

SIS €8 2 10, 195 (1956)
Cherillard, . L., Thoai, N. V. :
Chim. biol. 33, 1147 (1951)
Richards, M. B. : Brit. Mo, J. 1, 435 (g
TERG vy v iy

WA 0 0% 3 v 29, 162 (1961)

]
[

Buli. S..



Kobayashi-'60
Bib. No, 2018

Reproduced by permission
of the copyright owner

Kobayashi, G.: EFFECTS OF VITAMIN By AND THIAMINE PROPYLDISULFIDE (TPD)

ON THE HEART AND KIDNEYS OF CHICKEN EMBRYOS. Nippon Yakurigaku Zasshi,

Vol. 56, pp. 959-970, 1960. Faculty of Pharmacology, Showa Medical College,
Tokyo (Director, Prof. Kadoo)

INTRODUCTION

The effect of vitamin B; on the embryonic stage of development has
been studied from various angles by different investigators. Nishio et al.
(1,2) studied the effect of By on the growth of human fetus, Ida et al.
(3) investigated the distribution of By in internal organs in human fetuses,
and Nishizawa (4) and Fujita et al. (5} followed the changes in Bj
concentration in chicken embryos during the incubation stage. . Kimura
et al. (6) studied the effect of Bj on the tissue culture of chicken
embryo,

At this faculty, Hayashida (7) carried out an experiment in which
B; and thiamine propyldisulfide (TPD) were administered to fertilized
chicken eggs, and their effect on the growth of embryo during the
incubation process and the fate of B; in the chicken embryos were investigated.
B; and TPD produced no significant change in the general growth of chicken
embryos , but at large doses, growth retardation was noted, with TPD being
slightly stronger than Bj. The amount of B; excreted into the allantoic
fluid and the liver B; level also increased upon B} and TPD loading, and
the excretion of Bj was particularly notable after the administration of
TPD. Asai (8) administered thiamine allyldisulfide and Bj, and found
that the compounds exerted no significant effect on the general growth
of chicken embryos, but retarded their general growth at large doses and
increased the excretion of B; into the allantoic fluid and the Bj level
in the liver. He also reported that the amount of B; excreted during the
late incubation stage was small when TAD was administered, whereas the liver
By level rose upon loading of TAD. Murozuka (9) studied the relationship
between B; metabolism and nicotine, and published a report on the excretion
of By into the allantoic fluid and Bj liver level. Later, Kobayashi (10)
carried out a similar study in which the effect of glucuronic acid on B;
metabolism following the administration of B; and TPD was studied, and
published its results of considerable interest.

On the other hand, there are relatively few papers concerning the
histologic changes in various organs as a result of By administration,
and this can be attributed to the fact that, in many cases, large dose
administration of B; rarely causes any side effect in human. Watanabe (11)
reported the condition of the liver of chicken embryo as a result of
the injection of B; and TPD into fertilized chicken eggs, and Takayanagi
(12) discussed the histological image of the liver, kidneys, and heart
following the administration of B; and TAD.

In this experiment, B; and TPD were injected into fertilized chicken
eggs and their effects on the heart and kidneys of chicken embryos during
the incubation period were histologically studied. In the following
discussion, the results will be compared with the findings obtained by
other investigator.



EXPERIMENTAL MATERIALS AND PROCEDURE

Fresh white Leghorn chicken eggs weighing approximately 50 g were used
as experimental materials. After deformed or irregular eggs were removed,
seemingly normal eggs were placed in an automatic control electric plain
incubator installed in this faculty. The incubation temperature was
101-102°F (top) during the first half, and 102-103°F during the second
half of incubation period. The humidity was con-rolled within a range
of 60 - 70%. The ventilation was properly controlled according to the
growth of the eggs. The eggs were turned over twice daily, in the morning
and in the evening, and examined on the 5th day of incubation, at
which nonfertilized eggs and dead eggs were discarded. Dead eggs were
again eliminated on the 12th, 15th, and 18th days, and 5 embryos from
each group, randomly selected, were subjected to the experiment.

The drugs, Bj hydrochloride and TPD, were mixed in gum arabic and
the solution was emulsified with distilled water. The amount injected
was adjusted so that 0.1 cc portions of the emulsion contained 1, 3, 5,
8, 10, 13, 15, and 18 mg of the drugs. The amount of injection was 0.1 cc
per egg. For the control, a gum arabic emulsion (gummi arabicum, 5 mg/0.lcc)
was given at 0.1 cc per egg. In the injection of the emulsions, the
pointed end of the egg was cleaned with disinfectant alcohol and a small
hole was drilled. The required amount of emulsion was injected into the
egg white with a 1/2 injection needle and a tuberculin syringe, while
care was taken not to spill the egg white or the emulsion. The hole was
sealed with paraffin, and the egg was placed in the incubator. This
procedure was carried out under asceptic condition. The number of eggs used
was 100 per stage, and 80 eggs were used as the control. In the preparation
of tissue specimens, the heart and kidneys of the embryos were removed,
fixed with formalin, imbedded in paraffin, and stained with hematoxylin-
eosin or Azan Mallory. Frozen sections were also prepared and fat-stained
with Sudan III. In the examination of the kidneys, the hind kidney was
used,

The structural formulas of B] and TPD are given below:

N==C—NH, I

CH, -C  C—CH.—-N—-C- CH,
i o {B.)

i i} ' 8
N--CH NG C—CH,—CH,—OH
s
N==- C—-NH,
Gt en CHO
H,-C  C—CH,-N. $-—8—CH,—Cl= .
A Y o B o CHCH=CIL T,
N —CH . “CH,—CH,OH
CH.
\r—tﬁ-«—\l‘i‘l
¢ Geq CHO
M, C  C—CH,—N- $~8-~CH,—CH,—CH
o C=0: HHLClh cre,
N—CH ' CH,—CH,0H
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A. HEART

I. 12TH DAY OF INCUBATION

1. CONTROL

The pericardium was separated in some areas. There was no sign of
atrophy but slight cellular infiltration was noted in some areas. One
case indicated an aggregation of cells appearing as endothelial cells
which might be the embryonic enlage of the blood vessels surrounding the
origin of an artery of the adventitial coat. The pericardial vessels
exhibited mild distention. The myocardial layer exhibited no interstitial
infiltration of cells, but the cardiac muscle itself was composed of
extremely fine muscular fibers, some running in a reticular fashion and
some closely together. There were several stationary blood image in the
space among the fibers. There was no hemmorhagic sign or proliferative
change of connective tissues. A large proportion of the endocardium was
separated, and the remaining segment indicated neither enlargement nor
proliferation of endothelial cells. The subendocardial tissue also Showed
no cellular infiltration or edema.

2. B] GROUPS

At 1 mg, some areas of the pericardium indicated mild cellular
infiltration, and mild distention of pericardial vessels was noted. The
cardiac muscle itself appeared same as.that of the control, with mild
distention of some of the vessels in the myocardial layer. One case
exhibited a mild proliferative image of endothelial cells of the endocardium.
The 3 mg group indicated cellular infiltration and distention in the
pericardium to the same degree as the 1 mg group. There was also mild
distention in the myocardial layer. The proliferation of endothelial cells
in the endocardium was shown only by 1 case, just as in the control group,
and slight enlargement of endothelial cells was noted in all cases. The
5 mg group was marked with mild infiltration of round cells in the
interstice of the cardiac muscle, and vascular distention and mild cellular
infiltration in the perivascular regions in the myocardial layer were
noted. One case indicated proliferation of endothelial cells in the
endocardium. The 8 mg group exhibited mild cellular infiltration of the
pericardium, pronounced vascular distention in the myocardial layer, and
slight enlargement and proliferation of endothelial cells in the endocardium,
One of the cases displayed mild edema in the subendocardial tissue. Just
as the 8 mg group, the 10 mg group exhibited mild vascular distention in
the myocardial layer. Hemorrhagic image was also shown by 1 case, but was
only of mild severity. The 13 mg group exhibited mild cellular infiltration
and vascular distention in the pericardium, and slight interstitial
infiltration of round cells. The cardiac muscle itself exhibited nuclear
concentration in one case, and the blood vessels in the myocardial layer
also indicated distention just as the pericardium, and cellular infiltration
in the perivascular region. Furthermore, the endocardium exhibited a
proliferative image of endothelial cells, and 1 case revealed slight
enlargement of endothelial cells. One case revealed cellular infiltration



,,,,,,,

in the subendocardial tissue. The 1§ mg group exhibited slight vascular
distention and cellular infiltration in the pericardium, and vascular
distention in the myocardial layer. The 18 mg group only indicated vascular
distention of the myocardial layer and cellular infiltration in the
surrounding area. They showed no other change.
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KEY: a, histologic impression of the heart; b, incubation days; c, material
given; d, control; e, gum arabic; f, day; g, pericardium; h, cellular
infiltration; i, vascular distention; j, myocardial layer; k, interstitial
infiltration of cells; m, enlargement; 1, cardiac muscle; n, atrophy;

o, fatty degeneration; P, necrobiosis or necrosis; q, blood vessels ;
r, distention; s, hemorrhage; t, preliferation of connective tissue; u,
endocardium; v, endothelia] cell; w, proliferation; X, subendocardial tissuc;
Y, edema.
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KEY: a, histologic impression of the kidneys; b, incubation stage; c,

material given; d, control;
glomeruli; i, enlargement; j,

m, destruction of Henle's loop
p, dilation; q, adhesion;

renal tubules; u, loss of nucleus;

Yy, hyaline casts; z,
b', narrowing of lumen; c',
blood vessels; e' hyperemia

of cells;

€, gum arabic; f, day; g, covering; h
atrophy ; k, hyaline degeneration; 1
; n, hyperemia; o, Bowman's capsules
r, hemorrhage; s

»

’

.
L

fibrosis ;

» 8ranular degeneration; t,
v, fat; w, vacuolation;
necrobiosis or necrosis; a!'

X, interstice;

» dilation of lumen;

interstitial infiltration of cells; d!
and congestion; f', perivascular infiltration

g', mucous membrane of the pelvis of the kidney.
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3. TPD GROUPS

In the 1 mg group, mild vascular distention and cellular infiltration
of pericardium were present, and interstitial infiltration of round cells
was also notéd. One case indicated nuclear concentration in the cardiac
muscle itself, and another case, localized necrobiosis, circulatory
disturbance of peripheral vessels, and pronounced vascular distention in
the myocardial layer. The 3mg group indicated mild vascular distention
in the pericardium and the myocardial layer. The endocardium revealed
mild proliferation of endothelial cells in some areas. The 5 mg group
showed mild cellular infiltration in the pericardium, and the perivascular
regions of the myocardial layer. The endocardium exhibited enlargement
_of endothelial cells. The 8 mg group revealed mild vascular distention in
both the pericardium and the myocardial layer, and infiltration of round
cells in the perivascular region of the myocardial layer. The 10 mg group
only showed mild vascular distention in the myocardial layer. The 13 mg
group indicated mild cellular infiltration in the pericardium and vascular
distention in the myocardial layer. The 15 mg group occasionally gave
signs of myocardial necrobiosis and peripheral circulatory disturbance. The
myocardial layer showed vascular distention and mild cellular infiltration in
the surrounding area. The 18 mg group exhibited mild cellular infiltration
in the pericardium, and peripheral circulatory disturbance and pronounced
vascular distention in the myocardial layer. The cases additionally
exhibited proliferation of the connective tissue.

II. 15TH DAY OF INCUBATION

1. CONTROL

The pericardium revealed mild cellular infiltration and vascular
distention, and there was mild interstitial cellular infiltration. The
cardiac muscle itself showed slightly thicker fibers as compared to that
of the 12th day group, but it had not yet developed the striated pattern.
The myocardial layer displayed a somewhat prominent image of vascular
distention, with mild general cellular infiltration surrounding the vessels.
The subendocardial tissue was normal but 1 case clearly showed enlargement
and proliferation of endothelial cells.

2. B GROUPS

In the 1 mg group, the blood vessels in both pericardium and myncardial
layer appeared distended, and there was mild interstitial infiltration
of round cells. The endocardium revealed enlargement and proliferation
of endothelial cells in some cases. The 3 mg group showed mild infiltraton
of round cells and vascular distention in the pcricardium and myeurdinl
layer. The 5 mg group exhibited mild vascular distention and infiltration
of round cells in the pericardium and myocardial layer, and some areas of
the myocardial layer exhibited a hemorrhagic image. Furthermore, the
endocardium revealed slight enlargement of endothelial cells. In the 8 mg
group, mild cellular infiltration and vascular distention were present in
the pericardium and myocardial layer, and the endothelial cells in the
gndocardium had become enlarged. The 10 mg group indicated mild cellular
infiltration in the pericardium, and vascular distention in the myocardial



layer, with cellular infiltration in the surrounding area. The 13 mg group
revealed vascular distention and cellular infiltration in the pericardium
and myocardial layer, and proliferation of connective tissue in the myo-
cardial layer. The endothelial cells in the endocardium were slightly
enlarged and proliferated. The 15 mg group showed mild cellular infiltration
and vascular distention in the pericardium, and vascular distention in

the myocardial layer. The endocardium was marked with slightly enlarged
endothelial cells. The 18 mg group showed interstitial infiltration of cells
to a slight degree, and vascular distention in the myocardial layer, with
mild infiltration of round cells around the vessels. There was also mild
cellular infiltration in the subendocardial tissue.

3. TPD GROUPS

The 1 mg group revealed mild vascular distention in the pericardium
and myocardial layer, and mild infiltration of round cells in the interstice
and myocardial layer. In the endocardium, some of the endothelial cells
were enlarged. The changes shown by the 3 mg group were similar to those
of the 1 mg group, with perivascular infiltration of cells in the myocardial
layer. The 5 mg group also exhibited changes similar to those of the 1 mg
group. The 8 mg group revealed mild vascular distention and pronounced
cellular infiltration in the pericardium. The myocardial interstice also
indicated mild cellular infiltration. In the myocardial layer, peripheral
circulatory disturbance was visible in some of the cases. The vessels
of the myocardial layer were mildly distended and round cells had infiltrated
the perivascular regions. In the 10 mg group, round cell infiltration and
vascular distention marked the pericardium, and mild vascular distention, the
myocardial layer. In some of the cases, the endocardium showed enlargement
and proliferation of endothelial cells. The 13 mg group only exhibited a
localized necrotic change in one area of the myocardial layer. The 15 mg
group exhibited vascular distention in the myocardial layer, and peripheral
circulatory disturbance and necrobiosis of cardiac muscle in some of the
cases. The 18 mg group showed localized necrotic image in a part of the
myocardial layer, and pronounced vascular distention. Round cells have
mildly infiltrated in the perivascular regions, with proliferation of
connective tissue in some cases. Endothelial cells were enlarged in some
places of the endocardium.

II. 18TH DAY OF INCUBATION

1. CONTROL

The pericardium showed mild round cell infiltration, but no vascular
distention. There was no interstitial infiltration of cells in the myo-
cardial layer. The cardiac muscle itself became thickened from the 12th
to the 15th day, occasionally displaying a striated pattern. The
myocardial layer showed mild vascular distention, but the endocardium
indicated no change at all.

2. Bj GROUPS
: In some cases of the 1 mg group, the pericardium was thickened. The

Ploqd vessels were mildly distended and the interstice showed cellular
infiltration. The 3 mg group merely showed cellular infiltration in the
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pericardium and vascular distention in the myocardial layer. The 5 mg
group showed peripheral circulatory disturbance in some parts of the
myocardial layer, which also exhibited mild vascular distention. The
pericardium of the 8 mg group revealed cellular infiltration and vascular
distention, and some areas of the myocardial layer were marked with
fragmentation of muscle. There were mild vascular distention and cellular
infiltration in the myocardial layer, and the tissue below the inner

coat of some parts of the endocardium was edematous. The pericardium of
the 10 mg group revealed mild cellular infiltration and vascular distention,
and slight interstitial infiltration of cells. The myocardial layer
exhibited peripheral circulatory disturbance and hemorrhagic image in some
places. Mild interstitial infiltration of cells was also noted. In some
areas of the myocardial layer, peripheral circulatory disturbance and
hemorrhagic image were present. The 13 mg group showed no change other :
than rild vascular distention in the myocardial layer. The 15 mg group
exhibited infiltration of round cells in the pericardium and interstice,
and vascular distention of low severity in thepericardium and myocardial
layer. In the endocardium, the endothelial cells were partially enlarged
to a slight degree. The 18 mg group only showed vascular distention in
the pericardium, with no other noteworthy change.

3. TPD GROUPS

The 1 mg group showed vascular distention in the pericardium, and
interstitial infiltration of cells. Some parts of the myocardial layer
revealed peripheral circulatory disturbance. Some cases of the 3 mg group
showed the thickening of the pericardium. There were also mild interstitial
infiltration of cells and the enlargement and proliferation of endothelial
cells in the endocardium. The 5 mg group also showed partial thickening
of the pericardium with cellular infiltration in the adventitial coat. The
myocardial layer revealed peripheral circulatory disturbance and vascular
distention. The 8 mg group showed vascular distention in the pericardium
and myocardial layer, and cellular infiltration marked the perivascular
regions in the pericardium and myocardial layer. Interstitial infiltration
of cells was also present. Furthermore, some areas of the myocardial
layer revealed peripheral circulatory disturbance, and the muscle itself
occasionally exhibited cloudy swelling. The muscular layer of the 10 mg
group showed mild interstitial infiltration of cells, and vascular distention
with cellular infiltration in the surrounding area. Some areas of the
myocardial layer revealed peripheral circulatory disturbance, and the
endocardium, mild proliferation of endothelial cells in some places. The
pericardium of the 13 mg group indicated mild vascular distention, and
the myocardial layer exhibited interstitial infiltration of cells and
peripheral circulatory disturbance. The cardiac muscle had partially
developed cloudy swelling, and the blood vessels in the myocardial layer
were distended, with round cell infiltrating in the perivascular region.
Some of the endothelial cells in the endocardium were enlarged. The
15 mg group showed mild interstitial infiltration of cells, with peripheral
circulatory disturbance. Some areas of the myocardial layer indicated
localized necrobiotic or necrotic changes, with vascular distention and
perivascular infiltration of cells. In the endocardium, the endothelial
cells were enlarged, with proliferative signs. The 18 mg group showed
pericardial vascular distention, and interstitial infiltration of cells,
The myocardial layer contained mild, localized necrotic image, with
vascular distention and mild cellular infiltration in the perivascular regions.



B. KIDNEYS
(Tables 3 and 4)

I. 12TH DAY OF INCUBATION

1. CONTROL

The covering was almost completely separated and not visible. The
glomeruli were irregular in size, but there was no adhesion with Bowman's
capsules. The renal tubules showed partial nuclear diminution. The
interstice indicated vascular congestion and hyperemia, and mild cellular
infiltration in the surrounding area. The pelvis of the kidney contained
no mucous membrane.

2. B; GROUPS

The 1 mg group showed edematous enlargement of some glomeruli, and a
small amount of hyaline casts were present in some areas of the renal
tubules. There were mild cellular infiltration in the perivascular regions
and vascular congestion in the interstice. The 3 mg group showed
generally enlarged glomeruli, with some of them adhering to Bowman's
capsules. The renal tubules indicated nuclear loss and presence of some
hyaline casts. The interstice revealed cellular infiltration. The
interstitial blood vessels were mildly congested. The 5 mg group showed
granular degeneration, nuclear diminution and hyaline cast formation in
renal tubules. The interstitial blood vessels were severely congested.

The 8 mg group also exhibited nuclear diminution and congestion of inter-
stitial blood vessels. In the 10 mg group, the glomeruli were generally
large and were adhering to Bowman's capsules in some places. The renal
tubules were generally dilated with mild changes such as nuclear loss and
vacuolation of tubular wall. The 13 mg group showed glomerular degeneration
and diminution of nucleus in the renal tubules, and tubular dilation in

some cases. The interstitial vessels were congested. In the 15 mg group,
the glomeruli were generally enlarged and some of them exhibited hyperemic
image. Some of the renal tubules were dilated, with mild granular degeneration
and vacuolation. In the 18 mg group, some glomeruli were swollen, with
hyperemic image. The lumen of renal tubules was slightly dilated, with
occasional granular degeneration and hyaline cast formation. There were
mild necrobiosis and congestion of interstitial vessels.

3. TPD GROUPS

Some of the 1 mg group indicated adhesion between Bowman's capsules
and the glomeruli. The renal tubules contained hyaline casts. The
interstitial vessels were slightly congested. In the 3 mg group, edematous
enlargement of the glomeruli was noted just as in the 1 mg group, and the
lumen of some of the renal tubules was dilated. Furthermore, there were
hyaline casts and signs of granular degeneration in a part of the renal
tubules. The interstitial vessels were mildly congested. Some cases of
the 5 mg group exhibited edematous enlargement of the glomeruli, and
atrophied glomeruli although the proportion of such glomeruli was small.

The renal tubules partly indicated granular degeneration and hyaline cast
formation. The interstitial blood vessels were congested. Some of the

8 mg group indicated glomerular hyperemia, and occasional signs of mild
granular degeneration in the renal tubules. The interstitial blood vessels
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were mildly congested. The 10 mg group also indicated some cases with
glomerular enlargement and, in some cases, congestion as well. The

renal tubules exhibited mild granular degeneration,and the interstitial
blood vesseéls were congested. The 13 mg group indicated mild enlargement
of the glomeruli, and the lumen of some of the renal tubules was dilated.
Mild granular degeneration and hyaline cast formation were also present.
In the 15 mg group, some of the renal tubules exhibited granular degeneration
and hyaline cast formation, and the interstitial blood vessels appeared
congested. The 18 mg group showed edematous enlargement of some of the
glomeruli, with partial destruction of Henle's loops. Some cases showed
enlargement of Bowman's capsules. Tubular lumen was slightly dilated, and
granular degeneration and hyaline cast formation were noted in some cases.
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KEY: a, histological impression of the heart; b, incubation stage; ¢,
material given; d, day; e, pericardium; f, cellular infiltration; g,
vascular distention; h, myocardial layer; i, interstitial infiltration of
cells; j, cardiac muscle; k, enlargement; 1, atrophy; m, fat; n, nccrobiosis
or necrosis; o, blood vessels; p, hemorrhage; q, proliferation of
connective tissue; r, endocardium; s, endothelial cells; t , subendocardial

tissue; v, edema
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KEY : a, histologic image of the kidney; b, incubation stage; ¢, material
given; d, day; e, covering; f, glomeruli; g, enlargement ; h, atrophy; i,
hyaline degeneration; j, fibrosis; k, destruction of Henle's loops; 1,
hyperemia ; m, Bowman's capsules; n, enlargement ; o, adhesion; p, hemorrhage;
q, renal tubules; r, granular degeneration; s, loss of nucleus; t, fat;

u, vacuolation; v, hyaline casts; w, necrobiosis or necrosis; x, luminal
enlargement; y, narrowing of lumen; z, interstice; a', interstitial
infiltration of cells; b' blood vessels; c', hyperemia and congestion; d',
perivascular infiltration of cells ; e', mucous membrane of pelvis



- 12 -

II. 15TH DAY OF INCUBATION

1. CONTROL

As compared to the 12th day group, the glomeruli were generally
atrophied , some adhering to Bowman's capsules. In ell cases, the renal
tubules showed the diminution of nucleus to a slight degree. The
interstitial blood vessels were notably congested.

2. By GROUPS

The only change shown by the 1 mg group was mild changes in the renal
tubules, i.e., diminution of nucleus, but the 3 mg group also showed
granular degeneration. The renal tubules in the 5 mg group indicated mild
' granular degeneration ard nuclear diminution, with hyaline casts in some
cases, Tubular lumen was partially narrowed. The 8 mg group indicated
overall atrophy of the glomeruli, with tubular lumen also narrowed in some
areas and mild necrobiosis. The 10 mg group occasionally indicated
shrinking of the glomeruli, and mild granular degeneration and vacuolation in
the renal tubules. Some cases exhibited nuclear diminution. The 13 mg group
indicated overall reduction in size of the glomeruli, juas as the 10 mg
group, and tubular lumen was narrowed to some degree, with granular
degeneration in some instances. Interstitial blood vessels were also
congested. The 15 mg group was marked with partial edematous enlargement
of the glomeruli and slight diéstention of interstitial blood vessels.

The 18 mg group indicated atrophy of some of the glomeruli, and occasional
adhesion between Bowman's capsules and the glomeruli. In the interstice,
the connective tissue had proliferated, and the blood vessels were mildly
congested.

3. TPD GROUPS

The The 1 mg group showed swelling of some glomeruli, and occasional
adhesion between the glomeruli and Bowman's capsules. Tubular lumen
was occasionally narrowed, with slight granular degeneration and hyaline
cast formation. Congestion of interstitial vessels was also noted. In
some cases of the 3 mg group, the glomeruli were enlarged and the renal
tubules had undergone granular degeneration, and the nuclei had disappeared.
Some indicated localized necrotic or necrobiotic image. Mild congestion
of interstitial blood vessels was also present. The 5 mg group revealed
adhesion between Bowman's capsules and the glomeruli, and the granular
degeneration and nuclear diminution in the renal tubules were more notable
than in the 3 mg group. The necrobiotic image was present in some cases.
The interstice was characterized by congestion and hyperemia, and slight
cellular infiltration in the surrounding area. The glomeruli of the 8 mg
group were irregular in size, with destruction of Henle's loops in some
instances. The interstitial blood vessels appeared congested. The 10 mg
group showed some atrophied glomeruli, but no change in the renal tubules
or interstice. In the 13 mg group, the glomeruli were atrophied in some
cases, and tubular lumen was narrowed due to granular degeneration. The
15 mg group showed granular degeneration and hyaline casts in some of the
renal tubules, and mild distention of interstitial blood vessels. The
18 mg group indicated atrophy of a part of the glomeruli, and granular
degeneration, nuclear diminution, and hyaline cast formation in the renal
aybu}es. There were extremely mild necrobiotic signs in some areas.
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I1. 18TH DAY OF INCUBATION

1. CONTROL

The glomeruli were uniform in size. There was neither adhesion nor
hemorrhage in Bowman's capsules. The renal tubules exhibited partial
granular degeneration, vacuolation, and diminution of nucleus. In some
areas, tubular lumen wzs narrowed. No change was noted in the interstice.

Z. By GROUPS

In the 1 mg group, Henle's loops were destroyed in some cases, and
the repal tubules indicated pronounced granular degeneration and diminution
of nucleus. Some of them indicated necrobiosis. Fat-stained preparations
of interstice revealed spofadic small fat droplets. Interstitial blood
vessels were slightly congested. The 3 mg group, just as 1 mg group, indicated
narrowing of tubular lumen, and granular degeneration, nuclear diminution,
and fatty degeneration of the tubules to a mild degree. Necrobiotic iamge
was presentin some areas. The interstice was mildly congested. In the 5 mg
group, the glomeruli were partiallv distended, and the renal tubules
exhibited granular degeneration, nuclear diminution, and hyaline cast
formation. There was also necrobiosis. The interstice exhibited round
cell infiltration and vascular distention of mild severity, and cellular
infiltration in the perivascular regions. In the 8 mg group. pronounced
atrophy of the glomeruli appeared sporadically. Tubular lumen was slightly
narrowed, with mild granular degeneration and nuclear diminution and necro-
biotic image in some areas. Interstitial vascular distention of mild
severity was also present. The 10 mg group indicated mild granular
degeneration, nuclear diminution, and fatty degeneration in the renal
tubules, and necrobiotic image in some cases. The interstice revealed
cellular infiltration and vascular distention, with round cells infiltrating
around the vessels. In the 13 mg group, tubular lumen was narrowed.
There were mild granular degeneration, diminution of nucleus, and hyaline
cast formation, and necrobiosis over the entire area. The interstice exhibited
slight cellular infiltration and congestion. The 15 mg group indicated
overall atrophy of the glomeruli. The renal tubules exhibited granular
degeneration, nuclear diminution, vacuolation, and fatty degeneration to
mild degrees, with occasional necrobiosis. Tubular lumen was narrowed.
The 18 mg group indicated slight atrophy of the glomeruli, and partial
adhesion in Bowman's capsules. The renal tubules exhibited pronounced
granular degeneration, and also diminution of nucleus and vacuclation, with
overall image of necrobiosis and necrosis. Tubular lumen was partially
narrowed, and theinterstice appeared mildly congested.

3. TPD GROUP

The 1 mg group showed mild granular dgeneration, diminution of nucleus ,
and fatty degeneration in the renal tubules, and some indicated necrobiosis.
Slight narrowing of tubular lumen was also present. The 3 mg group indicated
mild atrophy of the glomeruli, and granular degeneration, and diminution of
nucleus of the renal tubules were also noted. The renal tubules also
exhibited fatty degeneration and necrobiosis in some cases. The interstitial
blood vessels were mildly distended. The 5 mg group showed mild atrophy
of the glomeruli, and granular degeneration and fatty degeneration of the
renal tubules. The interstitial vascular distention was mild. The 8 mg



group showed partial atrophy of the glomeruli, and degenerative changes

such as granular degeneration, fatty degeneration, and necrobiosis in the
renal tubules. The interstice exhibited infiltration of round cells and
congestion. The 10 mg group showed mild changes, i.e., granular degeneration,
fatty degeneration, and diminution of nucleus in some parts of the renal
tubules. The interstitial blood vessels were markedly distended. The 13 mg
group showed adhesion between Bowman's capsules and the glomeruli, and
granular degeneratioun and fatty degeneration of low severity in the renal
tubules. The interstice appeared congested. The 15 mg group were marked
with partial atrophy of the glomeruli, mild granular degeneration, diminution
of nucleus, and vacuolar formation in the renal tubules, and pronounced
interstitial vascular distention. In the 18 mg group, part:al destruction

of Henle's loops appeared in some of the glomeruli, and granular degeneration,
diminution of nucleus, and hyaline cast formation in the renal tubules.

The interstitial blood vessels were notably congested just as in the 15 mg

group.
SUMMARY

The author injected By and TPD to chichen eggs, and the histologic
image of the heart and kidneys of the embryos was investigated on the
12th, 15, and 18th days of incubation.

Prior to this experiment, the author had injected gum arabic to eggs
as a control experiment. As a result, the heart of the embryo showed no
significant change other than vascular distention in the pericardium and
myocardial layer, and mild adventitial and interstitial cellular infiltration
on the 12th day. The result was in agreement with the findings in
Takayanagi's experiment with gum arabic and Okada's experiment (13) with
Ringer's solution or no solution at all. In the kidney, the glomeruli
were somewhat enlarged on the 12th day, but were atrophied on the 15th
day. The renal tubules indicated loss of nucleus. On the 18th day, the
renal tubules indicated granular degeneration and vacuolar formation, which
were not included in Okada's report in conjunction with the control experiment
using Ringer's solution or no injection at all., Wada stated that, on the
18th day, the control indicated a vacuol-like space in the protoplasm
at a site corresponding to the inner coat of tubular cell but no granular
degeneration. In Takayanagi's experiment, the renal tubules exhibited
granular degeneration on the 12th, 15th, and 18th days after the injection of
gum arabic, and loss of nucleus on the 15th day. In other words, the
granular degeneration noted in the present experiment resemble Takayanagi'’
findings, and is also in agreement with the changes appearing in the kidneys
after death as reported by Suzuki (14). The fact that the cloudy
swelling in the kidneys accompanies no nuclear change, but the proto-
plasm is - generally swollen with microgranules, has been interpreted
differently by various invéstigators, and the nature of such change is
yet to be clarified. Kizawa (15) stated that, if the cloudy swelling was
caused due to changes after death, changes appeared in the nucleus in many
instances, appearing as the so-called cloudy swelling in the epithelium
of the main segment of the renal tubule, and the cloudy swelling in the
absence of clinical renal dysfunction is not essential degeneration.

Summarizing the changes shown by the Bj group, the heart exhibited
vascular distention of the pericardium and myocardial layer at all doses,
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and mild cellular infiltration in the pericardium, interstice, and peri-
vascular regions. At 5 and 10 mg, peripheral circulatory disturbance
appeared in a part of the myocardial layer on the 18th day. There was no
other noteworthy change. Takayanagi administered B; at 4 different doses,
1, 5, 10, and 15 mg, and obtained the following findings. 1In an early stage
of incubation, the pericardium was thickened, and cellular infiltration
occurred to the interstice in an early stage at small doses and in a later
stage of incubation at large doses. Proliferation of connective tissue
occurred in the later stage. These changes were mild, and are generally

in agreement with the author's findings. Nishizawa followed the changes in
B; level during the incubation process, and found that the Bj content

in the heart, liver, and small intestine was minimal in an early stage,

but increased with elapsed time during which the organs developed.

According to Ida et al., in the newborns, the B; organ concentrations vary
in a specific order just as in mature adults, i.e., higher in the order of
the heart, liver, and kidneys. As stated above, Bj exhibits unique affinity
with the heart. Shiraishi (16) studied histological changes following
60-day consecutive hypodermic injection of 0.5 mg of Bj hydrochloride to
young mice, and reported that there was no change in the heart. The present
experiment also gave similar data. In the kidneys, the glomeruli and
Bowman's capsules remained the same as those of the control, but the
granular degeneration in the renal tubules increased in severity with

time, the severity being proportional to the dose. Hyaline casts were

also noted to a slight degree in the 5 mg group and other groups as well
throughout the period of observation. Granular degeneration or necrobiotic
change in the renal tubules appeared from the 18th day of incubation at
smaller dose and from an early stage of incubation at larger dose. These
changes appear to be a sort of nephrotic degeneration due to & toxin.

These results are contrary to the findings published by Shiraishi, but

the difference can be attributed to the difference in the sensitivity toward
By between mature animals and embrycs. Takayanagi reported that there

was no change in the Bj group in an early stage of incubation, but in a
later stage, the glomeruli exhibited infiltration of round cells and

the renal tubules, necrobiotic or necrotic image. These changes in the
renal tubules are similar to the author's findings. According to Shimasono (17),
in rats, when the dose of Bj is increased, the organ B; level rises, and

the organs showing high B) concentration at saturation are the liver,

heart, and kidneys, reaching 1000 g% or even higher. Thus, it is already
known that Bj can be stored in a considerably large amount in the kidneys

as well as in the heart and liver.

In the heart following the administration of TPD, changes consisted
ofcellular infiltration and vascular distention of the pericardium, and
vascular distention and perivascular cell infiltration in the myocardial
layer, which were observed throughout the incubation stage. At larger
doses, the endocardium showed enlargement of endothelial cells in a later \
stage of incubation. The myocardial layer exhibited peripheral circulatory
disturbance in the small dose groups and mild localized necrobiotic or
necrotic image in each stage of incubation at large doses. Such necrotic
changes were not shown by any of the Bj groups and TPD may be more toxic
to the heart than B). In Takayanagi's experiment, pericardial infiltration
of cells and seemingly reversible vacuolar formation occurred in an early
stage, and some of the 10 mg group indicated necrobiotic or necrotic
change on the 18th day. In his experiment, such changes never occurred to
the By group. Thus, the effects of TAD:and TPD on the heart seem to resemble.



In the liver of a chicken embryo studied by Watanabe, a TPD injection
caused necrobiocic and necrotic changes in the late stage at large doses,
and Hayashida's experiment also demonstrated strong growth disturbance

by TPD, whereas Bj exhibited no growth retardation effect. Thus, their
findings concerning growth retardation and hepatic and cardiac disturbance
due to large dose are generally in agreement with the present findings.
Matsukawa and Suzuoki et al. (18) gave By and TPD to rabbits, and studied
organ By concentrations and the phosphorylation rate in different organs.
They found that there was no appreciable change between the liver, kidney,
and brain, but the Bj level in the heart was highest in the TPD group.
Thus, TPD was found to possess stronger affinity toward the heart than B,.
This may be in some way related to the author's findings.

The kidneys exhibited similar image of the glomeruli and Bowman's
capsules as those in the B} groups. The renal tubules showed granular
degeneration at each dose, and hyaline casts were present. However,
necrobiosis in the renal tubules was mildly noted on the 18th day only in
the 1, 3, 8, and 13 mg groups. Comparing the TPD groups and the B; groups,
the histological changes in the kidneys were milder in the former.
Takayanagi's 1, 5, 10, and 15 mg TAD groups indicated pronounced granular
degeneration, diminution of nucleus, and necrobiotic or necrotic changes in
the renal tubules. These changes indicate that TAD produces severe morbid
changes in the renal tubules than TPD.

In short, the histological changes of the heart and kidneys following
the injection of B; and TPD were generally of low severity, and the
degenerative changes produced at certain doses seem to be reversible.

CONCLUSION

By and TPD were given to fertilized chicken eggs at 8 doses, and the
heart and kidneys of the embryos on the 12th, 15th, and 18th days of
incubation were histologically examined. The following conclusions were
obtained.

1. Bj produced no change in the heart. In the kidneys, it caused
reversible granular degeneration and necrobiotic or hecrotic change with
loss of nucleus in the renal tubules from an early stage of incubation at
large doses and in the later stage at small doses.

2. TPD produced interstitial infiltration of cells in the heart at
small doses, necrobiotic or necrotic changes in the myocardial layer in
a later stage of incubation at large doses. Endothelial cells were enlarged
and proliferated. In the kidneys, the granulardegeneration of the renal
tubules was noted in an early stage of incubation in the large dose groups,
and reversible granular degeneration and necrobiotic or necrotic changes
with loss of nucleus, in the renal tubules of the small dose groups in a
later stage of incubation.

The author is grateful to Prof. Kadoo for his advice throughout this
project. Acknowledgement is also due to Dr. Yamaguchi and Dr. Kawakita for
their cooperation.
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EXPLANATION OF PHOTOGRAPHS

- Specimens of the Heart of Chicken Embryos (Hematoxylin-
Eosin Preparations)

Figure 1. 12th day of incubation; Bis 3 mg
Figure 2. 12¢th day of incubation; TPD; 1 mg
Figure 3. 15th day of incubation; By; 3 mg
Figure 4. 1S5th day of incubation; By; 15 mg
Figure 5. 18th day of incubation; Bjy; 18 mg
Figure 6 18th day of incubation ; By; 18 mg
Figure 7. 18th day of incubation; TPD; 15 mg
Figure 8. 18th day of incubation; TPD; 18 mg

Specimens of the Kidney of Chicken Embryos
(Hematoxylin-Eosin Preparations) »

Figure 9. 12th day of incubation; By; 15 mg
Figure 10. 12th day of incubation; TPD; 18 mg
Figure 11. 1Sth day of incubation; Bj; 8 mg
Figure 12. 15th day of incubation; TPD; 1 mg
Figure 13. 15th day of incubation; TPD; 13 mg
Figure 14, 18th day of incubation; Bi; 15 mg
Pigure 15. 18th day of incubation; TPD; 15 mg
Figure 16. 18th day of incubation; TPD; 18 mg



Kobayashi-'60
Bib. No. 2018

Nippon Yakurigaku Zasshi 56:959-970. 1960.

Reproduced by permissiog |
of the copyright owneg

Ham 56, 959~970 (1960)

Vitamin B, 3§ ¢z Thiamine Propyldisaltide (I'PD)
OBMBBFORE PRI KT d szt C

7] K I 11

(AT S NS UL SO O B AR L e S D
(A3 S HI0H2Z 1 (43 )

= x

Vitamin B, (LIF B, 8% ) RN ZOXRIBRORV LIRS HY Sl gl Ot e e B O
N RIS A P4, AUFIISD (L ARNGZ IS By Va2 By OB e i BT
DB RRIAHY, GRS NHERIT A S M F0 Be oIa i Gl L U R NG L
RECRIET By OB TIEL TS,

YHLIATH, BIHD 12 B, 042 Thiamine propyldisulfide (3 15 VP URS § 5 it oL
Uy LRI HALT 2 BT D SEYTI A TR L TN AW By oRGTIZgU St L rz T By g
TPD 3 oo RLIEBHZIE K LOBRE RIE 35000 A LUIA 155 L eridibizedd D, oot 1 TPD
OB L, WK D B, B, BTN By (NG Be aoNT TPD (s L O s, Buw
thitit TPD LD B F LD 2 S R8s, RO TIRJEY o1 By Mo Thiamine allyldisulfide (7))
TAD C§y) 44s's Ut By WGt TAD (XERIF -HL7E (5T AL RIS R MIE S 70005, KL
LD TR S, KD By BRI, B’ By (L By acs TAD 1Y I RO
AR, WA B By BME TAD J4 /SR TISHA T 45, DY B, ST TAD iy
BORES LRI TS, diTSi LB Fo> By (RA L Nicotine L uolilifa b L, WK By
UTUFRRY B, DM ML TO S, 20 R b G W0 fe B WS TPD PE k) i
2 By (UM Glucuronic acid 7l 2s 5 W% 4 K Y T ki L, Je 2 I ) Lo ihle s i O .

W By B Tk D MM ORI SRR F 7 W LRI L0 S 40k A bl By oo KU £ 0 b ]
WHECHALL D& CHER T S AR BT L A O R DL i S By o EPD ik
URGOVMIT OB Y, L B K TAD LG R, kS BRI (1l i
LG,

HTATRI GBI HE T CO WL DR M FIE Y SRS L O D By 3 S TR O
Tiib, WG AT 5 QR P OB MBI 1 T 5 W RE S T b L L Bl LI
Lr,

RMH R FICH &

TAMHE LTIt 508 @i WS 1L 7 1o MOl N Ky v s NS A sty
FUTe TR PR Y U2 IR L T L W L TR A
LR I~ 0TF, PRI TIHI02~103F & L1s, AT t60~T709, 1 1,25 vt Eibitio Ciheifte
HIfFarz G2 ) Y 200, SIS CELITFI, MEEYIAECI AR 7L, WII2E L, Ll



W) < H i" iR

LI F o iz L CYRCCHB A BRI L, “?/&.’IIIMHH,L f"‘l“l(fd)ﬂéllf'lh CJRIZIL
MBI LLART L By HiREH A TPD (- oo oy Sz, AR THAL |
UR R0 Lo s mg, 3 mg, HSmg, 8mg, l()mg, ng, I5mg K *18mg D 8 P -
IR L MRIO DOl L2 L LT e LA (Gummi arabicum Smg/0.1cc) 5 ,mn“,‘
O Lee BB L 72, N8 298 L3 LN L rl]u”l T MCTREL T IR 2 Y i, -
SLEGED, L RO T2 VIBI A BT Oy BHY VP2 I SOD T e ) VR AR,
STRTHLE L OO TR A L, et IR R e RICENCBPOMC ABNL 72, 4 lq hh
WIMCAIIZE T 7o R ARG L T P lmﬂ-‘#"lLL Ly AHULBOMA ABE L 72, 45 'M’Iﬂﬁ THTH, '
MR O R L TR R b s iR L, ELLTahgens oz CMHL, Ny,
xylin-Eosin #3440 1, 08 Azan- Mallory Yufns. yir- ST THR Y & 1 L T Sudan iz i
ST S | (R NS TN M5 Vo PO, 8 5 40 W SRR S1:L T TR S o
B, 0N TPD SR ER O D V)
N (‘2 NH., (.!l

3.
(BT
2

CHy G GoaH, NG,
li Il (-} (B)

Nl ne ¢ el -e, -on
°y
N ¢
o CHoO
al, o CooCocH N, S8 ~GH, —CH:=Cl, CraD)
oo Gy
N -CH | \CH,—CH,0H
3
== NH,
l i CHO
G, ¢ CG—CH, ~N. S—8--CH,—CH, —CH, (1PD)
ool "G »
N - CH [ N\CH,—CH,OH
3

ALLRER (B 1 BRUE2R)
I. mBREEORS
L't m®m @
R T ST T SRR TR IR e o Tui IR ORISR DS 4 LU VAT AL TN
DAL NP i ] YL SO S S 4, RN T L
KLY TN T TR RN THIRM L G Ly R TR S i RS NI R T AN I
A S R T SR T 1, LR b EHIE  STIIRICE
AL T S R R TIE, TN RO G g S H ORI TR
SO LTI ALY i N S L AR O B N T YT I TAREEY e X
2 83 M ¢
e S I ST S v DRI A A Ty, CAREVS (1 Y RIRIT 2 ot T T
R A Y "f'illl,.--?‘ RRRTL L LT TR S ST e CHI A e 5k

A S dmgdh b e Gy LA S BV o PR WO T T
. SR IR S G TR I S u;-!’m"-'!ii"/;‘T.‘.',ti’\lh'("*’i!l-i(!d)lf"iﬁl’fﬁé.tlsf]‘ ¢

e e T R O e g 5mg P O

SREELT LT e e T NAUH MR SN KRBT s
TR R ERIEE T T MR L i e e
W R e RIS IV T
R ]“”'Rl'ill‘f";:»"“j‘ .{Unng}}ﬁl}}frjiluﬂkii, 11:."];’111',#)!“[‘1‘.4{....{’)""“[::1& RN




‘ Vitamin B, J< TP MM it i s ol
1K
LRyl it} vV B,
" v 1' 1 m;; 3 mé 5mg 8 mg 10my 13img [BITY Img
\\” By 12715718 12715718 12715718 12715718 12715718 12715 18 12 15 18 12 1518 1915 10
a R R R R T T N TR T TR R T T R TR TR IR TR N I IR IR IR
I TV T T IRt O
il i E ok & -k 4 .
R T T L i T T S
+ + k& & R t + : o
L Wb E - - - = [ - R
[ 1
e - -~ - -
K owN|- - e
Ly Kt - - - - -
OB O~ . -
A" 3
wmaw| o o+ - S - N B o
L : |
P fﬁ'llLLl;_l—-ii)Lrli_er»lll [ | l
, + 4 + b + i 4
BN
i wof- - - et R B S - - -
— % A
1
LI T e T T U U - -
T I N e R B I T T T T »
|L;| & + t + ko t +
At | - - -
RN ') i R B S N ~
"1,‘ i | 1 ko i
‘%” N wit - — - e A
\IM' ,
L Y T . !
ﬂ i

Beb L Og ki CHEILT, M0 0 h Phuag TEGH 00 L0 ABSTHIRBGI K Nt R b e
REEVICE T TN T SRS TSN T P I S W Th e KRR WS D, idendy U R E L b
TREAD, O R W S D, W M f. (LRI URIRINY |1 RO A I TR 1)
DU DS ST IR BM S, 2 G155 L 6y, 50 2 Loy i TN P P
S R T30 0 St LR AL 0 B bt L, e
AR B S 2 WAT, TOMMKRL T TR <L, o

3) 7o o W

| g H’“M-:Mx-Ul"’HPﬂh'fFIEv)IM' A ?Iﬂ"“‘ BT B e A 1
S ST P e DBIRAIRASE D WU T L T S s Syt 04
i, LOAMOTTI RSB Do S, Smg illﬂm RN Y AT T DT o IR T
BN oS, O BT — IR DMNL I O OWIZ S U, S mg it R 11 I



= . e o - S ———
S rrtgwrta o vV B,
’ RIS s
B IA

12715718 12715718 17715718 12715718 1271518 12715718 {3715 18 1271518 i2 1513
N I TR R TR TR TR TR RHEBRN ARy §

Img  3mg  Smg  Gmg 10mg  13mg  15mg 1Bmg
LRI .
Lz

.

¥ L e

i N I' i t - = - : I { ? -
‘ i i j]
i T ;
(3 Wi ! - 1; -;.__¢,.,. T

\“m J S T R I e e e e
,Jr‘R;m s i, ‘_....‘N..__'A,_...__k,..._~.~_,..>_.._._..~.

R e T -

AJ

”“\ A W - -~ — g‘ _________ -
% el I e T
» PF-~?—~—*— b - - bom = e e

|

f

BRC -3

Mg - - - - - - e

1
IR "IN SO

U Y NI R

o~ |

i L ~~e——~—-—?~-——l ——————

G T F S R )

b~
|
}
!
i
|

L T e R U=




Vitamin B, Moy ‘TPD w502 10085 i 3

Bl Y, DR N IR & BRI SRR STRNE L W 0 410 5, AR Y Ot i o e
Do S, 8 mg BN TLG PR A OIS K 2 WEIED LT FEEU S 2, MOS0 AR g%
BORML S B, [OmgEEMH T CRTMNC KON FEBD L 5 1D O T, EImgTEiheg )3 (e i o
BRI L OTINOOTT AR BRI S0 5, 15mg B T OO BSOS B Lo BRI
B OAL AR ThimiTA#A%, BIC S QMBI R RIDALINO Y12 80 e 5 18mg JERE
SR KRS MDSOENEIZ, SLOBIC I T UL AHTIC RSN R MDS 20 5 1L, WET iAol WO fiie 7o
RS REOIHIS 2P AT R loh s,

1. MBIEEORE

D o R o#

COMRLES  X RHAOAR AR Re O T ASH % A BEBEGZ A, ALIIRLIS & MM RSB A BRI b s O 2
SO TOBMDPMIR L - TOD EIEOA, RIS TORMBBRE W S0 Sl 2 bl AL
QR EWTH Y, T OMEIC SRR BEEIZ WS 0 5, BT LI R D e e
WO KB RIS | T IAT BRI S 5,

2) 8 M8 B

Lmg PRGN AT LG AR A OO DI T A0S0 0 E L AL I I i Lo
BTN RO A A R IMRURDS 0 S U7, 3 g TEGHOT L A A SOt 10 g s 23
SMTTAMO KRGS (e b D, 5 g PEGFIT b VI R XM W10 00 it A ST e 3 3
DO, ALY BT GO S 403 DS DU BT I Y PRI WY R B HEIL e
3. 8mg FEOSHY TGP N OO IS IO ALY K XIS A IS K ZREILL S L, R Ly
VIEADSEY S D, 10mg PESHALC AT IRIC O HITIRIIY A 209, GG LRI A2 Mg s
NGS5, 13mg BRAHII IA T OB COCIIT K2 AT A ROR ORI e 35 0 5, v, s
DKL D 5. AN S HIEIT A K IR EI 2 WSk 5, (5 mg TG e 0,00 RBSL T BEIR  ad
R KT AS BB 5 4L, OIS B AR D 5. AL AT Iy S (NN DL AN T
1Brg TESHA 1AM C LRI L BRI T 1Y, CIRZ FAC LRI R0 F) 5. AT ORI YOI IF I »
P 2B W A, WS R BRI I B 5

3 o E 8t Hi

[ mg TERMC S0 AL R S AL B I 42 30, LB U N [T R om0 ity
SRS BT OB IATE SIS NI A 7 . 3 meT RN IA T | mgtig kv
R i, T IOIO ML RIS ISR 5 A1 5. AL 5 mgIE A HA 4 i & ) mg B
-xwwum:hamﬂfma,amgm%muubﬂmuwmnmm&mt%&wMHﬁMMMx.%M%m
C AL RN b, RS IYTI T ISR L L R A A
;.I;I‘: ORI S s 0mg TR LC SIS D DRI i A
PR LGRS SO A RIS g e, L

BN CRL et DS VPR | I RPR RN PR Y O N F A N 71 R B S SR T &
"“’*\"W‘m'«u\ummmme:m:.::w,‘;u;;. 18 FEGSP)LCIIG 550 2D, 1 LIRSS B L
:::i\:{“'l::.;:{y).‘ma. MATOHI A THPERNIORMAMEL I & D, AN OINNG el s, O

RTINHCRIOR K B D B,
L. mmispaogs
1) 5t " B

(\E:‘ﬁ“;‘:'K'WLEL’U)I'HE‘-WIM&N@.A’.UJZ)f.n', 11 VE A 4 TF SR N (T IO ES TR I NS | I ST
e ELWEINIZE R ISTIL L E D RIRL L BT AT BB S L S R 4

L T TR )
RS a2 0 2 B L0 S o,
LT

‘““*’Nf&‘n--t‘wmu‘)mﬂv.u,r:sﬂjw) Oy M AT vl e L 1 v T L, b



964 h H i 17

TERHAT: LM Z.0 S B0 RINIEEI & CNBMEZ AT 5 3T ACHDS . 5L 3 DA Th 5, Smg HM oy, T¢
MY B RRIDWRIG 2 iy, ORI DM ARG S5 11 5 8 mg HEMAD.Hi5,
s L MTERDIH O, WD I LBONRBRIL SN B, SLCABSMT i 1T A TR O R ;,,
O D OINHRO - B AT IN R R ARSI S 4 10mg HMH DN MBI . "y
CZAEITZ iy, LRI L RIS WS 1 5. NI AT — mPkWOﬁﬂﬂﬂkC|J%Q
SIAL I3mgTEGHA T HLONIM D AT A MR SN ADATH S 15Smg HESS DL . - Yt
LR RO 7 LT R T SN T RIR /1 SR CAREIZRG LS. MOMNBIIRT -
RIOWRPRTIZ R S, 1Bmg TR E LYY A MR B 002 il LR NI RES RS (AR A
3 0 M By |
Pg FESHE LS VHEY S0 AR L U GRS 5 41 5 PHEVY 1T IO TR N A NS .f,-,m, 1
VORISR O SR L0 ROIR LS 4 S LTI RIS A 0 YRR 51 iy
ROV TR L S mg DG T LYY B BRI 4, & -1 mlLrqur,
o DERRZ U RESDIRE LA 0 VORI WS 5, Bmg T 4 T4 L SRR R ) 2 g e
PUR L LI A O L O T T S8 5 FAMITTIZ & b - R aiDs o . Wiz o,
AT RNOARING DR DL ORI AT L S MR 1 S 10mg PG MODCBITIC 0y,
CHETORMUAI A W AT L A R UNEIOTL 1L TMEE TXTS! TR S I WA,
FlS KRIDHIBIE 240 0 L RO ST S 1 5. 13mg TEMOLL AR - ]
OMITRMA D, Ly \.tl.d ORISR KNIDOMBBLNRDSEEL TS, GBI g, .
AN e S S WL T e B D), T R HUERIBLOORMNL 3 D W
CONGEIORARSY S5 L 15mg TG T, 5O Y S e WE S b, MBI . 2 Sithe.
e EIRNAL Tl T T SO TS SRR O TE R D SR B AL T, &
TN i KRNI Y 5105, 18mg BB AT ORI I TR 1) Uil e
AL WL B D WD s TR ORI O MISERS Y S 11, AT O MR T AT Wi e
P N R D O F i SES O RN DS B OME A R ORI 1 i

~1
4
R

B MMFR MIRUNIE

|. WMWRABDEE

T o R &

R T L T R A T P WA AR F—v i S REKOBT L b
Soos Tt b LTI T OAINS R DL 2 DRI R

mg .H»; e S PN, DAL R IR (™3 P 8" B AL1 22 V1, (et SR

st W T T E YT S0 5, 3 mgtE T R L 4
RS e N RSy WL 3Nt R M T P ST (1 O VR |
A T LT Y S0, Sog HM @M N 20 ) . 0
Colen il epe g0 o C LRI St Bog M CLE.. )5
L@ Lt S 10mg e Tt BRI Ty 0, A N3 29 ¥ TR VI AN
R R TR A B AP L TR R YL T VR T DBog Bdwitein Bl
SR T R SR R T Y 5% N T RN T 15mg ik, . Tk
R S R Wil T O T LM T PN L L, [ T NS
R ’ -mm"WW“Ii‘wwﬁduJ#kL.tmﬂ&ﬂLTha.ﬂmﬁﬁﬁﬂm‘

it Nt ki T S LD RS O, WIS YoM ! v




TY .

Vitamin B, x4 TPD ORWTFI KL % M.

o oo TPD
| mg 3Img 5 mg 8 mg 10mg I3mg —lgmg

” o 12715718 12715 18 12715718 12 15 18 12715718 191518 12715718 12 1571
L EHLIEN Y AT W L IR I N I N TR TR TR T TR T IR THI T oot

PNrn ) e e

l‘ng

Cowmmwoww o 0 Y00 e 0o
‘ bt N £

R e R T

e
o~
—
o~
e~
-
-

1
i
-~

IR > M g AW

e —
P |

L“C‘&m k“"_“"'—‘"_’-
gl K Wl - - - - -
" Bil- - - oo S

e v
A

M L
wwe~wzE |} - - - - - -~ L —

- - .

oo mrum| -

!
L§.
i

b

ﬁjiu m-dmﬁ-»
+ +

H

e~ |
.
M-~

'l” l'll e T P e . . - ceeen

Nnomomowm | - Ui

=
-

=
F
2y
a8

!

!

i

i

@

|

|

i

i

3, 0 o &

| mg BEQH Tt — v L Bl S AURKOIMA L T 5 5, PRI TR S N N TR | 7 M R
CLEOBBOHETIL S0, 3 gl T L IR L L S e
TR KT LN RO L T FOBVIRE L 80 5 4 iy, Y 5
Hir i smg TEM T SRR A T, L e EAAEAR S
LT TSR BT BERTRA - niT o e, T G L s B g
RO LSS LI SAERIRS N R R (R A A 1Y), S S PR PPS TSP Lolde, Mg
HE LV ROM AR U TU S A D, dEohitt bl PRRTRENNES (T T
T O LGS, Bag PEGHAC L ik b M obbo s L S g b
Mk 2y RHYTHIMER K 2T WO S, I5mg 1 RO ST NAUINNEE 1T SR TV
Y A O Bk D, 18mg FEM UL 400 SRR DM KL, Ll

woibe b T



Wi i " i n

LI
IR 2T I TPD

T ——

o {mg 3mg 5mg  Bmg 10mg 1Smg  I5mg  iBmg

\\" gl 1215718 12715 18 2 15718 (215 18 42715 18 12715718 12715718 1215718
PRRES i 0Bl 0B NEEAEBE BEE B
* O e

.

o

i IN ~ ') — ' R P i - !l PR ]! T

g W [ I T B T B ! U

WO B Lo -

WU ol g - ' Ve o b

K O

He~ |
=

I F .

™ + -+
i it D

Ll .
LS| X : b ! ! oo

o m, ! ! i ! b
D T 5

P orenin o !

H—~
i
o~
e~

|+.
e~

B o~ 2 o 1 ) - B, ; -

~—t

™

¥ # i = I -
Loy | oL,

LR NS I R
| 3 S

t+
H
-~
-
“+
.
]
+
r
~
-~

s g o e

SR T VRS T T T e e s e




Vitamin B, K7* TPD ORIz NI+ W 97

T VEROUME R L TOAPINSH S, MR INTIIBEOINFEONME L, 50k Ly 14
xaWoN B, '
. MMISABONE

MmN
PRI HIC L, SRIERVNL T D, #~ v R LTS MG 5o i I RHCTEION

HETHLHHOHRRBWD SN B, MM ATt AR KB WS40,
) Bk M OB
L mg BB TIMR T BEDBD MK S ) 5 DA TH B b5, 3 BRI 1T LRI o i L
RSB RABEICHSIA. 5 mg BENAOMBITICHER SR KOS K281 S50, - Sl
Wb, NHBOP/MELMLIZH OIS, B mg BT L ARIRBDRD 4L 0, fime,
ROV —BIZH D, BEOBUIEE > TVD, 10mg BGHI T Lk AR Ll 2120,
R EE OB ROFRIEHG RS 1, —BRITATEOMELH 5. l3mgi};(”{‘y'l]‘tlUmgi]il]j"f' Lk
PULEMITDTH S, RRE TRNBOBNBEEICSH D, - THR 8000
R®imis 5. 15mg BMHITIIARBRIKDIEA b —IBIC 5 1, fiﬂf’illu?'fd)ﬁl‘!rui»hﬂuvn-{r:; DU
. 18mg BERHETIIHRIRED —HIZBRBHEOI, K —v U EMERIRKL DML TR 02940
?!k-lkﬂﬁltb"ﬂikmﬁwlﬂﬂ& MYTOFBMAMRIE RS0 5,

3) ™o E M &

SV

Lmg BTN TIE - ORRNCHIARA W, ABRIKE 1= v R OB G [0,
RUDENTIIE TSR W HITET L I

LESRT ADHG N, VR AMYINE VR WTar ) B AU NN 1T T A

3, 3mg TERHATTIEHBRIKODB A L-CO B MIDE D, JiMGT OB T N b o RPN
B~ NUAEDIRS S D, BITDATO ARG RO 405, S g PRG0N Ot s 1 o U
RIKE OB WL HIRITISIE 3 g PRGBYLD) W B2 RIRY S 11 RS MR R Ay W R e iRy
SHAET D, IUPLITIE Feidid O, 2RISR T ORI L D, 8 mg TR b (A L A7) (il o,
FROMMY ~BICIH S, MLRIRMTAMDSEY A S, 10mg PENFICIE o kD BSRs
DD, MBATROIITICIR WA E LRI S0 Dmg TRt B Sek A R4,
BRATTT OB AP TNROBUMEDSE 5 5. 15mg TEGHECLE - SEUaRIMG T IR & 7] 5 S AL b

ot MBEWTOKROMINCAIET S, 18mg B T ARTRIKDRIDS SIS D, 8O LR
Do MIPTIMAT O B i s

Eth BMOMKRERITRITHESDR O, — ik { OB, 7

PN
1. MBIBaEORE
DY R ™ .
FERGE LA SR I h a) r T Ae LA e B e ey
L IR

(VP RS

ORI - AR LY T
12'1‘:"'6.!5‘6310 illvvzk{fit > .

D nsaew
| Vong BT AT~ 35 S RO 2 18y, R IT T BRI L U T - 3.

K ORI WPOE NS OB, MH TOBEGREE T K D@ 21 i3 e fe L

SEORPMOIH S, 3 mgREM P Tit | ogREMBY & [ ki T HEBR TS ) S AR (MDA fv.v)ul N
REEHS Y K MM H, 3BT MBBEDR % 49 5

RITHZ L @A 2 55 Smg §1
TR RQUD -BIZFE@E W, ERTTIZRMN P, BN N W [kl EE S 4 ifr o o L Bikmst: ?
Waius, MRS R RO BN N T AN & R 4280, TN O O c il adaysi by 8
g tl‘.ﬂﬂu*&ﬂuwﬁﬂﬁ‘mm:H'WH:.:’.W: YRR 1357 0 ST O U NI 1t VIS LRI RN S
SEICHD, WL -BICHMNIESW SIS, HICTINITIZ S A I Yy g S, l0mg g o,
mnmxmu VORGSR R RIL TR 2L h D, W e b (87 1T S N A U T B ¥t

T l"u il

“




Kl 1 * g m

8 L 00T O ASEI R G52 WML I IS 5, %, 13mg R AT 1S L2 SHEM 10T Z T
WORE LT BN RO 1 RDERLE ol - LRUBEA Gz 5, H:JTH:!tmmiﬂll&b*‘ﬁl!mmhm
S, Tome FEGHAT L CERIAO ERA A T Y RIMTTIZ LR G O D s %, 8 LT A
VRS L1 S A A e g T T I LRIRTREDH NG i 5415, 18mg i,a\:wﬁll:b'-:r.:qo.
RIKV BRI R0, - REN DR T8 LS $AUTET (I VE IR DI N 1y
Rb &80 5y, AT RUAE~ SO ebid MARFTRED NN b 02 S 2 (BIFTINTTO> et 2
REFEIZ 3,0,

3) D IMOPS

g RO TLAINR 5 LI OO WERY 254 FROII R MR s s 1, WY TI RN,
LML O PN GRS e S s 3 Mg TEGHA T L Sk BRAD Tz 8 O, ﬂil'&i’ﬁ:b'&‘(:t'&'if,;;-é
ROSFRDITR AR 0, I 2 NENWUKSE b ST G s D, A VIR Y JITEN T VL
B, Smg PEGHA LSRRI O BRHLEH D), i’ill'&?’i‘litt'ﬁ'i#n".'.&"f‘l.&()'llﬁll/j‘Ir’l,bibd.ﬂll R H'd’z"['lm‘rm{n'
MLHOTIS S, 8 meg FEMEC LRI 30 R o, LUENEIDT {{ VRSN HEERMS RS Wtk oy
R IUNCT LSS IS IS TH DRI ORI KO8 A @Dt 10mg FE0Ml: Ll o) g i1,
L TR S R OB R KT S s I O F i b WITHE, 13ug
PTG L SR IKOME 2T A 109, UL SEINES 3 YR S0 A R Iy O d 17, S By
ITUABIDSS D, 15mg TR G LR AW TR ERAIH O, IR LRI T FDFIL Mgy~
AERAMRIGIZW S A, SUMETIZIE MW7 AS@IbSh 5, 18mg PR TUAERIKD -SRI BHRD BIBGIRA o .,
BRI CURIRER T, SRR R TR RS 5 11 5, RTTMTT 2 15me ity & )2 MUER
Mlml“kb% %,

L =

ROCEIBNIZ By o8 TPD AJE841, WUBERahDI12(111, 150114, MTFIBEL T2 AT RN Fir M s
R TR A il A i s

ZAVZRNT R Y U o PR U T W L 2 b CHMAST LR Ch IR B X DB = s 414
2T D IETRIREIY ROTHITTO MBI BN % REREI 200 5 D7 T kit 2 ¢, R TR RV R 1T
RO OMIG L P MR 0 0 PR Mot A1z, LD TH D 8,1 (MU ENTI
DRI CR2UEY) e AL TSI USRI R X4, HIATTIZUROIM S S s 18y
PRZORMIT N S Ml A L e SAUS DM IO §o T M R ok Y 7 W I E G
OHEN R IIR A W, '<ﬁlmu)ﬁ£."i~::A?\;fx’(-}!!ﬁ%’é:tlﬂllI'il:%T#&H'é&‘?’fﬁﬂ'ﬂ&b‘l‘!fﬂﬂl:f&'f’a;‘?‘.J!s‘!.;ki‘
SR U1 LT G RE P I IUIE T S TOSHMIEEIH SN TR, Moo & v e TR
XL BRI oy L2 iR OB LR 5w, HUZISA ISR R ., T s, mae),

TR UPIRINC T ORI Y R R TH D, WHIRATODHE 1o MO SE 5 iy - - -
R S L T T Y R N I BUFSTLIL -RHZHEIEL T, BRsAWitIoD 28117 0ir =50
TLOIANVTIENAEE Y s Tovag 2y W T AIH] S, 4T 2 fre N AT 1

NI R I TR R T I AR LABOTTM L b L, TRRBAPIT 1m0y, Lk
SRL Uk e sy RO R T SR G, e,
B N

Bo pbadfe i ogbeCathior e, .Cﬂ»'ﬁké?:t?rﬂ'I?F.fo'li:.zl\%ﬂﬁ&L"-L‘rﬁ’ﬂ@ffﬂ’i“f}fm. e T
RIS IR O S M STV, L5 mg L X IOmgH:AHAGOMERIBY | {11=. T, -1
CAEOWEBIRC S iy ST s, TORFFAFE 200 152 B, »1mg, 5mg, 10mg - lmg
DA BV TR o By DGR MRb, U THIOMI A TONBMOEI S, 3ER g

-

AL LR B Rt v RN [TT EATY HIUZIPIH LT AT 48 AR IR 2 v 7



Viamin B, 2% TPD oWM(/ -t 1w w0

¢ B0 THUTO LEIRQBETHD, ROUAE ALV TH S, ML OISR 555 By o)
diL o, O ITRBR BT ML R TH DD, DAKDIZRE ., TR T It 5 L

IHAMTIRA & LIBIC %IMRY B, MILIZIINUTL S D, CHMDRRA T, If, M= 402k U LI L
BLTUA, B oMl B O ML MRIES S 5, MRINIER {02 0T ™ S UDATRT: TR AT
¥ M0, 5rog 60 FIIAMME RN L, MM SRR AR O L MU TO L2, fo 4R
> BHHICRTORERMOMEI TS 5. DI RIS L, AR R CS 1 — v & T AT S v
Aammmw-. RURTEICIRRILE DS WEBH e 1 RN OB GRS 2 M) L 20,0 % T oLt o Hll
B 5mg BMHICRTALRRNRE 2ELTREICESNTEH D, AZDOBITOIER AL 0005105,

- ISR B LMPIRI8E Eiz, TTMBER G AMSREIN L ), mm,mm.w NL AR ¢ (L LTAVE Y 3 AN b
if’tﬁ’@b’ct‘é CNGDOMRL ML D RO+ 7 o —ERDE L 42 54005, Med) Faidv el
EOREEIIRT 50, CIUIREMONASIRENHO B, OM: M G L s Ot
By ENAOMBYIN TRIA & TR AL, MBI AT (.iér.f:kﬂ-tI'Hb«ﬂﬂ‘uvﬁéﬂi‘ YACTITHAR T OO
I EMBER D THY, MIRTIOBILE ROMEBBIL TS, AT Lt ol By 04,
f BHEAMSD B BMEHLS B0 KIANTIE LTS N0 By BUE A 4 FRET U, e B0 1000 ;900K
~ueuu RT3 LML TLH, By R RODR) Com KON M K0 DTS B A2 D oo X1 0 A v 0

SERNBOWLTH S,

TPD FE 60 BRI G20 54 MO MBS IR A DT A 00 4ot LN I A MO O 1l 5 RPHY SRINLBEN
TR LAE DR B TRSI, AGOHRITIX A RO D BUE PERHA MM 120 C LBy S 3000
D ROBCE L {ERMETEENG TIORKTIMTTO MBI D5 b, AL GEITRER P C) LIS % ) A CREIE T b 5

- ORURTEONIGE /Y BES RO TUO A, COMMIEIYEIAE L By BEGIZI2 1 LU 12 GO
t'. 0, TPD i3 B, £ OLKIZH U Tid SHEDSEO O T U & WAL ALyl TAD FEGS0P Sy by
. R TIRGAHD RIKIRINGONH iTa: & O D NEEIE AW, O 41, 10mg TEGHADWPIEIBEL (v - - WU

RIVENER AL TOADMEN SN BH, OB MIATE By PR & L n e T L s 1

- TADLTPDO.MRIC Bbd + IEWHABIT S 6D &5 KU SGMGUOWL 7200 )| ook S8 4, TRD

TR %, VEBNEEFEN B OOWBN (€ 10)i 2 MARKSE) Y ERSED 0 S dt, Bl FLEZ IO 1RG4y .Mlid)l'..'. TPD )
D B, M LI R MU E 2T D, ROMAEE I 5 & 7B, 1 RRSE A O MR v fal
RIS RN AT IR ~F L T 5, ML, SPUS™DICRGO B, KoY TPD WL TR TR By
VIROumBE L, 11, W, BTRAEL L, OMO B, s TPD AT RIK T3 2 & 408w, TPD
BB { L SOMITITIE B, kO RHEIMEDIA T & DO :m HIF SN RBURE § 0112 30T 1 i S/ NDIILES
u‘f)om"'cif.;c\fp&.ﬁttmg.

M R TIZ BRI R ONK —~ v & ST B, i—l—:ﬂf‘f'}tlnﬂ.lz?'a.‘f/b&‘ | AR TR EEN RN I\ T 1]
LA RIEOREM ML 510, B FIUES By DRI LBIEIS WS 1T 055 55 ) BUSE: L
lwg, 3mg, 8wmg, A I3mglEGHIOMINIBI | LIz BB 80 0 1 Y B Sl R
TED (ENBNE B, BEMMA IR 5 L ANIES TPD FEQI LINETH 5. M) TAD PEGHO = 1My
RUSAT | mg, S mg, 10mgRO°13meg ) S MMBEIC RIS TTO) MIU1ACWERY (1T AN BRI A% 1 WUOHHE 1945
AN S, COMRISLD TAD 12 TPD X b MIRTTOMI EIL R MM R T &b <T bith, s 12000
TrMEshs,

YUERES 312, By RIX TPD HEMHTHNG 5 DM B UMMM NG & (10 LRI 7Ty Jone [t/ e,
TR, —SOREIR S NITBITEM b IO 60 L i

P gy

. n
B CIC TPD 2k 4 SMEIZAS, TN L, WISHIZUILL, 150000050 80111 i,
WROWINE ATRPHRNRE [T, XOMR% i},




970 " M o g

Lo B LOmE Y A B AU D R OSBYE TR | LWl i L
eHS L LN R N0 I R Y IR (i VR SIS B VT (8 YO WIRVE 11 4ERVE0) 21, o, :“ )
20 TPD FERH LR ARSI O LTRSS SV BN Ty o
A YBURYE ) SO G A 1 W N RERIEII A N O IR LA & 1 5 PERIE 2O mf!_,,“u,h;’_; ;
RO AR TT MR AP DML T, WPENY 1000 SR RE TR (OO BT 1 T ORiRY 841 Wr b “'

WIMIOE T A RE ud AL 8

RS A L R G RRIG 7 55 GRG0 I 7 > -, 22 I PR L sk e P
W WD 22010 TLJC R 10 e o a8 G AL

X W

D omg, kIt x4, 375 (1951),
2) M, PR, AWt 5, 226 (1952),

3) ML fef, NOF A T 7, 185 (1954),

4) A/ r 1, 316 (1949),

3) ML, WA s @ATRERILNTE (39) 5 (1950),
6) Kb, Wl wr i 2, 83 (1949),

7)) KKIL : WEEIES £k 15, 159 (1955),

8) 0 MM R 18, 591 (1959)

D) HEE RIS YL 16, 445 (1956),

10) bk (RMLL 83, 772 (1957),

PUY 30500 ¢ ik 55, 1485 (1959)

B2y Shd s 1K P0G 55, 444 (1959,

B8y 0 otk 3, 1 (1927,

HY iR O Jnak 3,254 (1925),

I3y Rl (10N 38, 57 (1949,

16) 1yfi 0 JaRibi Syl 200 416 (1943

17) Ly vv o 5, 4984 (1992),

Y R B v 1 6, 626 (1953,

LN

Wil 5O A (Hacmatoxylin Fosin #:4 (fy)
WIE o2 B, 3mg jratm
W2E. wHI20 TPD I mg 144
B3R M5 B, Smg ik
AWM. WIS B, 15mg {1441
MSE ®SHI8LI B, 18mg g
MO MBI B, 18mg j:01H
MBI MBI TPD 15mg j:44m
MAM WwHIBH) TPD J8mg R
WH SR & CHaematoxylin Eosin W 4un)
MO w0 R, 1Smg {14
MO WENI2 TP D 18R 1 g
MU wHRIs 1] B, By ) )
MI2ER MBS TP D L mg o
BMIE. MBS U ED U3mg 1 gy
MR W8I B, 15mg {184 )
WISE. WSI8111) TPD Limg ) 44
MIGEL WHHIBILL TP D g 144



Am,

J. Pharm.

LeGalley-'43
Bib No. 2193
115! 95-9, 1943,

'IMPROVEMENT OF COLOR VISION BY VITAMIN
INTAKE

By Donald P, LeGalley, Ph. D.,* and J. W. E. Harrisson,
P.D., Ph. M **

SERIES of experiments have been performed to test whether

or not large dosages of Vitamin A, Vitamin B,, ("Thiamine
Hydrochloride) or Vitamin B, (Riboflavin) produce improvements
in the color vision of color blind subjects, '

When it is realized (hat approximately 4% of the men applying
to the armed scrvices are trned down becanse of defective color
vision, then the desirability of finding a micthod of improving this
defect is realized. Of course on the average this same pereentage of
rejections applies to all industrics where color blindness or lack of
clear color vision is a lLiability, such as airplane pilots. railroad
employees, and chemists,

Our attention was called (o this problem, when quitc a number
of our students who were trying to join the various armed reserve
forces were turned down because of defective coloy vision, We were
interested first in testing these students to sco just how badly color
bind they were, and second to sce if this defect could be improved by
any diclary procedure such as an increased vitamin intake.

The total number of color Blind subjeets available were divided
up into four groups of four cach, so that each group contained on the
average aboul the same degree of color lindness, During the experi-
Inent some groups were reducer] to three Lecause (he subjects were
call>d by the selective service, juined the anyed forces, or, a5 in one
casc. lefi schoel. for othor TCatope,

Cuie grovup of frorr oz VRN ANNOL G Wy pr e g P
additt 2q! viran ins, but tests were madde oty anee il nd f .
—_

* Denartment of Physic;., Priladelphia College of Fharmacy aned Sejepee.
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same time, and in the same way that tests were made on the rest of
the groups. To another group of four was administered 30,000 U, S.
P. units of Vitamin A daily. Since the normal minimum adult need
of Vitamin A is 5,000 U. S. P. units, they received a dosage about
six times normal in addition to that obtained in their regular diet.
To the members of another group of four was given 8 mg. of Vitamin
B, daily. Since the normal minimum daily need of this vitamin is
about 1 mg., their daily dosage was about cight times normal. The
fourth group of four received 16 mg. of Vitamin By daily. The nor-
mal minimum daily dosage of this vitamin is about 2 mg., so these
subjects also had a dosage cight times normal,

No attempt was made to control the daily character of the food
and it may be presumed that all were on an average dict.

The color vision of cach subject was tested carefully at the begin-
ning before any vitamins were administered, and cach week thercafier
for a period of ten weeks. The tests were made with the aid of color
blind charts secured from the American Optical Co. These charts are
a combination of the best Ishihara and Stilling charts, along with some
Amierican charts, and are made up of colored dots arranged s0 as to
form certain numbers, letters, traces, or Dlanks.

The color blind sces different numbers, letters, or traces, than
the normal person, or none at all, and therefore his color vision can
be measured without naming the colors. '

There is a total of cighty-five possible answers, and a carefnl
record was kept of the number of right and wrong answers given by
each subject at cach reading.  The number of Wrong answers divided
by cighty-five was taken as the per cent, of color vision deficiency,
The charts were cut apart and shuffled like a deck of cards cach weck,
so that the subject had no chance of memorizing or learning them in
sequence. The operator was very careful not to indicate to the subject
whether the answers given were correct; he mercly recorded the
numbers, etc.. which the subject read,

Memiration wz. “irnished by a large nor; Vopbo windde oy g,
covered cne sids of the regm. S, artificial siivvunatig, gy o,
N¢ readings were taken on extrer.ely dark days, althemugh when 11,
puint was tested it was found to have very little influence om the rea!
ing of the color charts. All subjects made their readings on the same
lfce}'noon, and therefore the illumination was ahout equal for all, In
addition the intensity was measured with a Weston exposure meter
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and was found not to vary appreciably from week to week. To
check this point further, two non-color-blind subjects were asked to
read the charts each week along with the rest of the group. Of the
eighty-five possible answers, one subject never gave a single wrong
answer, while the other one averaged two errors per week, but thesc
did not depend on whether the day was bright or dark.

It is recognized thesc charts are probably not as accurate a
method of measuring color blindness as the skein matching procedure,
or the intensity measuring micthod with the spectroscope used by the
Bureaus of Standards, But since the chart method is so convenient,
and since the patient can be tested in five minutes by this method,
they were used. The little which is lost in accuracy is made up ior
by the time one saves, and the ease with which the determinations can
be made,

It is also recognized that several workers, among them Dunilap
and Loken (1), have recorded in the scientific fiterature improvements
of color blindness as a result of administering large dosages of Vitamin
A. However, it appeared desirable to check these results and in
addition to make studies with Vitamin By and Vitamin B,. Itis also
recognized that groups of four represent a small sampling, but it is
believed that since the results within a group checked one another,
that the average result is fairly reliable,

One of the purposes of running a control group was to measure
the amount of “learning,” due to the fact that the subjects were read-
ing the same charts cach week. The tests showed that the average
improvement of this group over a period of ten weeks was only
2.2%, which indicated that “learning” was not appreciable.  Addi-
tional tests indicated that the charts were a true test of color vision,
Besides shuffling them thoroughly between the readings cach week,
sometines repeat readings were taken at random. Also if either
“Leaming” or “Memory”’ were factors, there would have been a risc -
in the number of wrong answers taken immediately after the two-week
Christmas holiday recess, since there would have been some “forget-
ting” during this period.
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Rxsurts oF Test

Additional
Vitamin ~ Normal Min. " Dosage Average Improvement
Group Daily Need Administered Improvement After Switching
Control None ‘ 22% XXXx
A 5000 US.P. . 30000 U.S.P. 20.7% AtoB; n8%
umuts units -
B, 1 Mg. 8 Mg. 22.3% "Bito A 108%
B: 2 Mg. 16 Mg. 2.5% X X X

The results of the tests are shown in the table. Essentially the
points are: whereas the control group showed an improvement of
only 2.2%, those to whom 30,000 U. S. P. units of Vitamin A were
administered showed an average improvement of 20.7%, and those to
whom 8 mg. of Vitamin B, was administered showed an average
improvement of 22.3% over the ten-week period. On ilie other hand,
those to whom the 16 mg. of Vitamin By was administered showed
an iniprovement of only 2.5% over the samé period. It mighe be
concluded that since the 20.7% improvement for Vitamin A subjects,
and the 22.3% improvement for the Vitamin B, subjects is so nuch
greater than the 2.29% improvement cf the controls that concentrated
dosages of either of these two vitamins is effective in producing im-
provement in color vision. As mentioned, results have been publighed
for Vitamin A, but it is believed that this is the first time that Vitamin
By has also been found to be effective,  On the other hand, large
dosages of Vitamin By were found to produce practically no improve-
ment in color vision. It is of interest to note that most of the improve-
meit in the casc of the Vitamin A subjects occurred in the first five
weeks, after which the readings reached a plateau. The Vitamin B,
subjects took longer to rcach this Plateau, but in both cases with Vifa-
min A and B, nearly all of the improvement possible was securerd
within the ten-week period.

After the plateau was reacted with one vitamin, tests were i,
to note if the addition of another vitamin would produce furd,
improvement. In the case of those to whom the o 1S §
units of Viaamin A had been originally administered, and whe, b
reached the plateau of improvement, 8 mg. of Vitamin B, per day
was administered for another period of ten weeks. In this case an
additional improvement of 11.8% was noted. In the case of those
who had received the Vitamin B, during the first ten-week period,
30,000 U. S. P. units per day of Vitamin A was administered. This
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group showed an additional improvement which averaged 10.8%.
Since in both cases the additional improvements were produced after
they had reached a platean with the first vitamin it can be concluded
that both Vitamin A and Vitamin B; are effective in producing
improvement in color vision even under adverse couditions. When
further improvement was tried by administering 16 mg, of Vitamin
By over a second ten-week period, it was found that when it followed
Vitamin A the improvement averaged 2.7%, while when it followed
Vitamin B; the average improvement was 3.5%. In both of these
cases the improvement produced by additional Vitamin By can be
considered negligible.

The vitamins for this experiment were kindly furnished by
Hoffmann LaRoche, Inc. of Nutley, N, J., and the authors ave in-
debfed to them for this supply. They were encapsuled under the
direction of Mr. Loy Packer, a senior pharmacy student. The authors
also wish to express their appreciation to the students and faculty
members who cooperated in this program, and to Dr. 11, C. Wouod,
Jr., Professor of Pharmacology at the Philadedphia College of Phar-
macy and Science, and to Dr. Julius Neuneller of the Pennsylvania
State College of Optometry, for suggestions and advice.
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R 2
A STUDY OF THE TOXICITY OF CERTATM VITAMIN PREYARATIONS'fhh%h EXPERIMENT
G, N. Tipkan, Kiev

Vitamins are a crc-p of compounds which have been widely
studied, However in the ]it:&ature available to us we encountered
onlvy imsolated works touchinem on the toxicity of these hiolorically
sctive snbetances (A, !, Timofevevs and G. A. Tsofina, 1943; Ya. B,
“aksimovich, 1973%; Yu, M, Ostrovskiy et al., 1968; “inter et al.,
1947), T

We studied the toxicity, in acute exneriments, of several
water-goluble vitamins of the R proup, ascorbic acid, a preparation
of vitrmin P~ rutin, and palescorbine, which nossesses C and I
vitemin sctivity. The experiments were conducted on white rats
vhich hed been nlaced on the usunl diet, Toxicity wrs determined
using A probe-sanalysis method nroposed by Titchfield and “i{lcoxson
(M. L, Telen'kiy, 1059), Tn all the experiments, the vitamin dosage
wrs determined which cansed the death of n11 the experiment»l animals,
a8 well as the size of the dose which caused no deaths., Five ~nimels
were used for testing each dose. Solutions of the preparations
were made immediately before ndministration in distilled vot er,

The incomnletely soluble substances were administered in the form of
‘a suspension. Death of the animals was calculated over 2-3 days,
The datn obtained are reflected in Tables 1 »nd 2.

0f all the preparations we studied, vitamin B, and folie acid
had a relatively hirh toxicity with intraperitoneal administration.
The phosvhorylated form of thiamine, co-carboxylase, under the exper-
imental conditions, was annroximatelv 5 times less toxic than
vitamin R, it=elf, -

In ¢linical nractice, the pharmacodvnamic effect of vitamin
preparations is even more widely utilized. However increased doses
of vitamins »are often used without sufficient experimental grounds
resul ting from emnirical obrervations and conclusions, while only
isolnrted ~ttemnts in some way or other accur on which to base the
possible annlication of increased doses of the citamins with the aim
of therapeutics. 7. T, lalkin (1952) concluded that in order to

——— -

Table 1, Acute Toxicity of Vitamin Preparations with a Single Intra-
veritoneal Administration to Rats (mp/kg)

Preparation Hax., D, LD;, & its Reliab. Lim. LDg,  Abs,
’ Tolerab, fgr p = 0,05 Leth,
Nose Nose
(LDy), (LD1OO)
Vitamin 31
(thiamine) 300 335 390 (342-445) L7s 500
Co-carboxyl-
age 1600 1655 1955 (1746-2190) 2300 2300
Vitamin B?
(ribofla¥in) 3000 - Looo : - -
Hicotinic
aciad 700 820 1080 (900-1296) 1400 1500
Vitamin n‘
(nyridoxine) 1600 1675 1925 (1750-2118) 2195 2200
Folic mcid 00 610 720 (600-R6L) 850 900
Orotic nciA 1500 1875 2200 (1880->574) 2810 3000



Table 1 concluded

Ascorbic aciad 2100 2200 2499 (2251.2774) 2810 3000
Futin 15,000 - 20,000 - -
Galmscorbine 2800 2850 3120 (2943-3207) 3450 3500

obtain the pharmacodynamic effect of the vitamin preparations, it is
necessary to use doses 10-20 times greater than the physinlogpical
doses, vhich reflect man's reanirements for these vitamins. If vou
start with the vnhysiolopica) norms of man's daily requirement of
these vitamins, established in 19A0 by the Ministry of leal th Pro-
tection in the USSR (N, S. Yarusov, 1961) and with the caleculation
principle presented above for doses of vitamin preparations having e
pharmacodynamic effect, then for a man weipghing 70 kg on the average,
the curative doses are within the limits of 20-60 mg for vitamin B1,
25-70 mpg for vitamin RZ' 1000=2400 mr for vitamin C, 150-500 mg for
nicotinic acid, and 20240 meg for vitamin Bee According to P, I,

Table 2, Acute Toxicity of Vitamin Preparations with a Single Sub-
cutsneous Administration to Rats (mg/kg)

Preparation Nax. LD16 1D~ & its Reliab, -LDgu Abs,
Tolerah, i?m. for p = 0,05 Leth,
Nosge . Nose
(1.D,) (LD1OO)
Vitamin R :

(thismine) 700 760 840 (785-8997 930 1000
Co-carboxylase 4000 4250 L4650 (L346.4976) 5170 5200
Vitamin B? : :

(ribofla¥in) 5000 - 8000 - -
Nicotinic mcid 2000 2050 2550 (2179-2984) 3125 3200
Vitﬂmin RF& .

(vyridoxine) 2600 2750 3130 (2653-3693) 3600 32800
Folic acid 3200 3250 3550 (3318-3799) 3950 4000
Orotic ncid 2000 3300 3990 (3500-4519) 4750 5000
Ascorbic acid 3500 2850 4100 (3832-.4387) 4400 4500
Rutin 25,0000 - , 30,000 - -
(ialescorbine . 3800 Loso 4320 (LO37-4627) 4650 U800

p—

Shilov nnd T, I. Yakovlev (19¢4), in pronosing a reauiremsnt for
folic acid of 1-2 me and for vitamin ™ of 50 me, the therapeutic
do~er of the-e vitamins are, conseauently, 10-40 mg and 500-1000 mg,
respectively., Comnaring the results obtained with those nresented
rbove, it must be noted that the therapeutic vitamin dosesges are
sienificantly less then their toxic doses. Thus, for vitamin R,, the
mrximum therapeutic dote (1 mr/kg weirht) is altorether 0.7 of the
D ohtrined in the exneriment, for vitamin B, 0.075%, nicotinic
ncfd 0,65, vitamin € 1,37, vitamin By 0.029%2 folic acid 0.079%,
palescorbine 0,45, ~nd rutin 0,07, ?n calenlating there fipures

we uced the 1D of the vitrmins for their intrareritoneal admin-
istretion. Tven if vou take the maximum amount of the vitamins which
shows » pharmacodynamic effect, o on average effective dose,



the therareutic cnefficient (ratio of the averarge lethal dose to

the averape effective dose) will in all cases exceed 100 (with the
excention of ascorbic acid), which confirms the wide range of the
theraneutic effect of vitamins, 1In Aaddition, these data indicate the
possibility of using vitamins for therapeutics in large doses,

In order to ertablish the ontimal amount of vitamins for thera-
peutic arplication, the biolopical study of the effect of increased
dores of these vreparations is necessary above all, It is expedient
to investipate the effect of significant doses of vitamins on the
course of various natholorical nrocesses in the orfanism which are
c¢aused by extreme reactions. In this relation, the work of the
Italisan scientists is representative, In experiments on dors,
Rarusco et nl., (196R) formed conclusions about the usefulness for
neuroleptanrlpesia of thimmine and its monophosphoric ester, which
have » narcotic effect in hiph do-sges. Manami et al, (1918)
administered thimmine internallv in doses up to 250 me/kg to patients
at the time of narcosis and to healthy subjects - up to 350 mpe/ke.
Saulv et al., (194R) sdministered thismine internallv, on the average
of 20 g to » man, in a 10% solution with the addition of 0.6 g of
Pentothnl., According to the data of Vielani et al. (1968), 20 hours
after rdministering 12-13 g of thiamine, it wes not found in the
blood,

According to our data, the doses of thiamine used by the
Itelian investirators mre within the zone of toxic effect and could
couse significant secondary effects.

The use, in enesthesiolory, of thiamine, which has significant
toxicity, inideates the rossibility of increasing the therapeutic
doses of other less toxic vitomin rreparations within the zone of
their nontoxic pharmacodynamic effect. However the uee of incrensed
doses of vitamin preparstions must be substantisted on all sides,
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H3VUEHHE TOKCHYHOCTIH HEXKOTOPEIX
BHTAMHMIHDIN HPETIAPATOB 3 SKCHEPHMERTE

. B Jiokan. Kien

Burasmnu oroceses & BCectopotiie  uavecHnuy  cocsir e,
OdNako B Jociynund wam amicpatype Mu BCTPUTMAN s -1t
VUE DAGOTH, KACAMNCCA HIYUCILIA TORCHMIC TH ITHX Grnroruus g
anTisubx veincers (A M. Tumedicena, I A, Lofuma, 1oy
. B. Makciyonny, 1963; 10. M. Curposexnit coasr., IY(G3; Winter
B coaar., 1967). :

Hasr uwayvena toxciynocts o OCTPUX ONMTAX MCKGLIADLIX ROZGo-
PACIBOPHMUN RnTavinen rpynnn B, ackopGinonon EHCI01M, npena-
pata Butanena P--pyrina noragackopGuna, odaarammero G- ¢
}’-nma.\:ummﬁ ARTHNGOITRIO. OnUTW apcaciery na GCeaux Kptieax,
HaxoansmuNca na o%SuMIOM patwione tnaapis. Tovenvioeny onpee.
TSN UPH NOMDIE ME102a IDCGAT-ata 134, uperiomenioro Jiry-
$1anrom i Bitakosconos (M. JI. Reacuuaui, 1939). Bo reex onmrax
ONPLICINT OIV METAMNROD, BLZLISHIONYIO 1GeIS Beex noIcH: =X
AUBGIRLIX, M RETNNY 030, 1C BUALIIDCT reGea, D wernita-
MU RIKICH 1030 Gpatis 5 SiHuoTiIX, Pactanpu upenaparra rora-
EWAH HeNOCHCACTLUILIO Hope.d LoCieitey o anernfapotatiie sore.
MMaoxo pacinopuyise seniccing BBOLLIN B BHIe navecH. [uGeon e
BOTIMIX yul1Hiaan B Teyenne 2-——3 Aueil. Meayuennue zanune opa-
e s Taba 1o 2,

M3 reex nayvacinmx nas NPCHapaTos  OINOCHICILIO  BHICOKOR
TORCHINOCTILIO GG aeT minaMiun By o oamesas kilsiora npie puy-
TPHOPOMNIND Y BicACHuy, Wrochopianponannay Qopua 1nanma - -
ROK2pOOKCIIRIA B yea01:19X 0iTs NPHMUPIO B 5 pa3 erce TOKCHY-
na, weM eau sarasen By,

B k.ammteckod npantnre nee Goace WHOKO KeRoabayeTen dap-
MAKOIHUAMIICCKOE JCHCTENE LHTAMINILIK npenaparon. Oxiinsn no-
BLILCHNLIC 103U BITA OB S2CTO NPIICHIIITCS  Gos AeCrarennx
FECHEPUMEUTAIBNLX 00LCHoNLmT, nexoi s 113 IMNPHYETELX 1RG0~
ACHIE N FUBOIO9, BJINCT sCIpewatores amng CUNBINILS  MOUL TR
RARMM-Z000 COPATOM (000 2T0 POsLmKRIGeTh RRHMENCHNR  jOEM-
WCHAUX S oo ¢ ez WCROH ueati. 3.0 1L Maukie




Taba:ita 1. O01paa 1nEmULeeT bt fadMUX upeiapaton
HPH QAMURD LTI o0 @iyt P TR0 KC O Kplizam (uaing)

.\‘..:.,(’u;u.u- . | Atcoanre
Ngeaapar nefadens | A, ";‘;,:,.,','“ SN Rl B IR RN
EEFRERST] 1YL o
14 '
Bura:iun By (inasuy) 300 315 3713 2-=445) . 475 3
Konhapte.tnagz 160 1605 1635 (1735 =T10) 2000 2300
Burassn P, (pucsgoeum) 3¢90 S0 — -
HhecoTirvonis kircaoa € 830 B (SR (RN IR ol Wl ™o h
Dirasrnn 2 (2rpieionenn) 190 1675 LU (I:JJM 2105
Goliudas rrciora ) 610 PIUN TELAR £20
Oporonaa krciora 150 W75 20w llb‘(‘ -2 PO
ArrCpOiHGBIR  KitcacTa 200 2:00 2369 (00 o810
Pyran 15000 — > ‘rv 00 — -
Tanackopben 2800 2550 31200 (213 < 2JC7) KA D

(1952) cwinaer, $70 LiH noavuenus GAPMAKOIHHIMHYECKNTO ). CH-
12 BHTAMUGHL [-eilapalos ICCOXOUMMO  HPilNeiisTh fust, 8 10-—
20 pa3 Goooare (HINOJOIHYCCKHX, UOTPAXKIMAIIEN HOTPCHICCTL 42a0.
tuka B ITAX switvMeuax. Eoan HeX0INTL 13 §rU3ROJ0TINCCRIN HOPY
CYTOMAON NOTHCMHGCTH 4eI0REKD B BHTAMHUAX,  VINCPAICHETHMR 8
1000 r. Huu ic.cpesonm sapascoxpavcitm CCCP (H. C. fipyoona,
1961), suxpum;wunoro NPHIINHIA  GCUCTA 103 BRTIMMIIIX
u')c'mp"u‘ 5 u.;'n,ul'wl DX QO DMAKOIA M RICCRIM Mhpeh10M, 16 339
LEAUKERA €0 Cpelitiy secon 10 ke JencOnne 031 HaxossIca 8 upe-
ieiaX 20--60 2 aam surampna By, 25—70 | NG9 BHTaUENG B;.
1003 --2400 y2 - 138 Burasuna C, lf)O»—uUO MO — AN HERUTELOBCH
pHcasuta, 20—10 me —-iam  Buras:uwa Bg Ho 11 1L lnaosy w

Tabanue 2. DOIPsa 10KCHINOCTE RRTAMKIITHRE APCNARIICE
DBRW OTLBHORBATHOM 10,200,000 BBEICHUM MpEICaM (v.,r..)

""-""‘.;-""" Llcosnino

— e | am [ M na e | an S

mae send % ”l')

(219

Luraaw By (Tuomnen) 700 760 810 (7873 ~1-009) @30 10
P phencnania 40 4250 4650 (1335 = {476) 5170 5X0
Raromy By (pefodacniw) 5000 00 .- --
I'uesrsuonas Kicinta 20 ..‘0 2550 (2170-=24%Y) 3125 3200
[ RUTEE | P G BTN T o0 750 3150 (153 ) RIT+ AR )
Dostenan Kucauld NG 39 3530 (3% 31 30 26D
Opopan Kiraota 20 310 300 (350 -=4519) 4750 HivA)
AvaaplitHenaa Krcaota WY DI 4100 (3052 -+ 1287) 450 40007
Yyt 25070 -- KA 4} — -
Vaaackopbin 320 4030 4320 (4037 1022) 4650 4000

9—4426 ' T



T. H. flsepaesy (1994), npetnoicinreaning noipebiocrs B doaie-
80 KICI01C =12 w2 n 8 BuTarMitie P—~30 we, caelnopateanito, Tc-
PSNCEIRGCCKIE quZWl ITHX BHTAMHNOB COCIARMIOT COOTFLTCTBENIO
10--10 u 3001020 se. Cpazuusan noayuchurie namnte ¢ npireie-
HLEIE BRHIC, CIRAYCT OTMETHTh, NTO TECPHNCHTHNCCRIS 2031 DIUTYMIHOB
SHANHVCALAO Meiinuie HX 10kenveciinx 03, Tak, aaa mutauura By
MARCHMAILNAR Tepanenyvieckas 103a (] w2/ke prea) cociananet wee-
ro oredo 0,3% o1 J11:,. noaywennon s CHepUNente, M8 BHYSMINIG

“By-0,025%, urkormmesoit kucaoru —0,65%,  Bitasmig C--1,37%,

ny
€1

fravoe ot Gy BTG DOLNe QO’WI-Oi’&!H).

BrraMina Be--N,029%, doauensli  wicaoTi =0072%,  rasackopGu-
wa —0,45%, pyinna —0,079%. Mpu pacuerax smx widp MU noak3oBa-
ance JLTse maTartinos npuonx BNy TpuSpousiinos srcornn. Lean
HIMHIMIL JLUKE MAKCIMAILHIG KOUMMCCIRA BHTaMINIB, OKAZLIILIONLIE
CAPNMIKONANMITIcOROe IelicTRRe, 32 CPEARCHHPCRINBIYIO ANY, Te-
PUHAABTIRCCER Kodgeiniant  (o1Holenne CPCARRCMEPTLALHONT P31
K cpemesilekimnni) Gvier 5o scex cayvaax npesumate 100 (sa
NERTRPTANICM £ CROPOHIOBOR. KICI0TIT), 410 CBIACTLALCTBYCT 0 6010
Wl NDOTe JCPAILITHNCCKORO ACHCTRIA  BHTAMINOB. Kpome 1oro,
PTHORANNNE VIASLIHOT HY DO3MOENOCTS HPHMCUCHHR BHIAMHHOS ¢
TCPANCITUNCCRON 1101510 B GOIBEINX 034X,

Tlas 1010, %1e0W YOTANORIL OMIIMANBINE KeIHYCCTSA EHTANY-
HOW 270 NPENCHCIHA WX © TePINCsITICCKON HeILIO, npokie  Boero
NEOGNONMO GHONOIHICCKOR N3y e 1eACTBIS  NORMIDCHMMX 103
sTUx nperapatcs. [leaccoubpasito Hecaea0BATE MUGDBUGIC 34T C AL
PRIX s BRTAMINION HA YCUCHEC PA3IHUNLIX DATCI0IHRCCKIX fIpoilee-
CCL B GPIraHsye, BLIRBACMBX  IKCTPOMAILIGT BOATCHCTE A SN,
BaToM 0rmsiening nokasateant  patotit  naibanckix YOICHIA,
B ooinmex na cobakax Barusco i coant (1968} cicaaan srwsoa o
APHFOAIOCTH THAaMIA 0 ero Mo todochopioro 3)ipa, 061 1amemx B
PLICORIX 031 penyaX NApKoUecki  eficrsie s, s el oaenT-
G resin. Manmni nocorp. (1U63) poan Teasny EHYTPHERHEO
B 032 40 250 wese GoabIL BO BpEMS 1A PKO3a PUYTPIECHHO 11 3710+
postis penpayedy — a0 350 wefwe. Sauly wocorp. (1UCS) oot
BUNTPUBCHINO JraMiit b cpetien 20 & na weaosera 8 10% pacisoe
¢ swbanaemem 0,6 2 woneiiaaa. o jqaruved Violani w coant.
(1968), uepes 20 wacos nowae vueteinns 12--13 2 Tnariima nocacAn
B Kponn He oGHApyAGIvaeICca. .

Ho mamwmy s, wenoavayeuste nraansmeringg fecagesaie-
DIMH JI03L1 THAMING HANOAAICA B 30MC TOECHNCCHOLO JICRCTRISL i MO-
IYT BUSHETD sHamTCIbie HoGoMIMe s DgeKTH,

Hpnsenense 8 aticctesnosoriy tnasuna, OOTLAQOUICTO  3HAH-

FTNN NI TCRCHYNMOCTLIO, YRAILIBACT a2 BOIMOLHOC D Heiprnensst ae-
PAnBTINCOCKIN ARIHPOBOK APYTHX, MClIte  TOKCHYI'NX BHTAMHILIX
130 . -
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Vitamin R, (thiamine) is one of the most widely studied
vitamin proparazions in experiments and clinical tests. The ex-
change processes which ensure the energy for the functional activity
of the cardiovascular, nervous, and other systems of the organiam
are closely associated with thiamine metabolism, The vreparation
is snrrovriate for sedative asction,fer which it is widely used in
neuritis not associated with a vitamin deficiency.

In connection with the wide use of thiawine, it is not possible
to neglect the nossibility of its metabolism in additional reactions
associsted with ite nreparation. In the medical literature, there
have already been observed more than 200 cases of bad reactions to
the administration of eignificant medicinal doses of vitamin B. to
people (10), Dermatitis and allergenic reactions may occur atfer
repeated administration of medicinal vitamin B, (4, 5, 9). 1In the
literature (6), two cases are described of the occurrence of ans-
phylactic shock as a result of vitamin B, administration. 1In the
world literature cases of sudden death after injection
of vitamin B, (11,12),

The toxicity of thiamime has been studied insufficiently in
experiments, and in the literature studied, there are only isolated
works which are devoted to this nuestion. Winter and his co-workers
(13) studied the toxicity of vitamin B, and two of its related
substances, With internal‘administratlon to mice, a toxic dose which
caused death in 50% of the animals (LD 0) was equal to R9 mg/kpe
and with orel administration, 8224 mg/gg.

It is evident that vitamin B, manifests its activity only in
a phosphorylated form, Most often, easpecially in severe disenases
of the heart and brain and bypoxio, the processes of nhosphorylation
of the vitamin are stimulated, which leads to a significant change
in tissue metabolism even with sufficient introduction and absorption
of the vitamin by the small intestine, In such cases, use of
vitamin R, is recommended in its phosphorylated, cofermented form,
co-carboxylase, Co-carboxvlase is utiliged in heart, neurologicsl,
metabolic, and other Aiseases.

Neuropathologically, co-carboxylase is utiligzed in treating
scattered scleroses and polyneuritis; surgically it is used in
cases of bad postoperative complications in acidosis. 1In Rynecology,
the preparation is used in uncontrollable vomiting of pregnancy,
eclampsia, and other cases (7). A good medicinal effect is observed
in the use of the preparation in intoxication of various origins
and in comatose states, Co-carboxylase has naturally spasmolitic
properties, and it improves blood supply to the myocardium (2),

The preparation is effective in treating myocardisl infsrction,

in a majority of cases of functional disruption causing fluttering

of the heart muscles, during extrasystologia, tachycardia, and

during fibrillation arrhythmia (1,7). A series of uses of cardise
rlycosides in women with cardiac decompensation suggests the use of
co-carboxvlase in order to normalise the metrbolic processes in the
myocardium, M, T, Frorov and his co-workers (7) observed that co-
carboxvlase did not ceuse similar phenomena and this is not con-
sidered a contraindication. Taking note of the fact that the toxicity



......

of vitamin B, preparations widely used in clinies hs been in-
sufficiently studied experimentally, we conducted comnarative
studies of the toxicity of thiamine and co-csrboxylase, in acute
investigations,

The toxicity studies of the preparations were conducted on
half-grown animale of different sexes, which were kept under the
same conditions on mixed food rations: mice (16-72 g in weight),
rats (160200 g), and rabbits (2000-2800 g). A pharmaceutical
preparation of thiamine was used in the form of a powder, a
carboxylase produced by the Moscow Experimental Vitamin Factory.
The preparations were administered to the mice and rats interperi-
toneally, and to the rabbits internally. It is evident that with
interperitoneal injection, the preparations are taken in rapidly,
and their toxicity, whiéh is indicated along the path of its intro-
duction, approaches the toxicity value of that for internal admini-
stration. A solution was prepared in distilled water immediately
before administration., FEach dose of the preparation was used on
not fewer then five animals. Indicators of toxicity were the ceneral
state of the animals under study, the time convulsions began, and
the percentage of deceased, Observations of the animals were made
for two days. Toxicity was studied by the probe annlysis method
proposed by lLitchfield and Wilcoxson, using nomograms worked out
by Z. Rot (3), The mean fatasl dose and its probability were
studied. The worth of the values of mean fatal dosage studied lies
in the c¢aleculated probability, vhich reached 0,05. In studying the
toxicity in all cases, the doses were found which caused death in all
the animals studied, in absolute lethal domse (LD1 ) and the size
of the maximum bearable dose which caused no animge's death, The
mean lethal dose (LD_.) was calculated on the basis of the criterion
from evaluating thiaggne and co~carboxylase toxicity.

With the simultaneous administration of thiamine interperi-
toneally, the LD50 for mice was 495 (L50-545)mg/kg. With a dose
of 400 mg/kg, no”animal died, but with administration of 600 mg/kg,
all the animals died, The sensitivity of the rats to a toxic dose
of thiamine did not differ much from the mouse sensitivity. 1D 0
was 390 (342-445) mg/kg. In administration to rats interperitog-
eally of 300 mg/kg, no animal desth was observed; with a 500 mg/kg
dose all the animals dies., Co-carboxylase appeared in our studies
to be less toxic than thiamine, LD5 with interperitoneal adminis-
tration to mice was 1090 (973-.1221) gg/kg. With a dose of 900 mg/keg,
all the experimental animals remained intact; with 1300 mg/kg, the
animels died, The rats were less sensitive to a toxic dose of co-
carboxvlase, LD 0 for interreritoneal administration was 1955
(174F.2190) mz/kg, the maximum bearable dose was 1600 mg/kg, and
the e=bsolutely fatal dose was 2300 mg/kg. The picture of the toxic
dose of thiamine and co-carboxylese in the acute studies indicated
injury to the central nervous system and respiration. The animsls
became depressed, adinamia developed, resniration was uneven, and
elonie > =-tonic svasms were often noted, especislly with admini-
stration of fatal thismine doses. The death of the animals, as a
rule, took the form of reasniration cessation; at the same time the
heart still continued to beat for some time. In the animals which
remained alive, paresis and paralysis of the extremities were often
observed.
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The picture of the toxic dose of the preparstions was espec-
ially clearly obaerved in ﬂtorpcritononl administration (in the area
of the ear vein) in studies on rabbits. FEven with doses which 4id
not cause death in the animuls, a significant acceleration of resp=-
iratory movement and spasms were observed, ‘Very often, especinmlly
with the use of co-carboxylase, characteristic opisthotonos was
observed suddenly after administration of the preparation, with the
head thrown sharply back. This phenomenon called te mind in some
measure the charagteries ¢ poses of doves with an expressed B1
avitaminosis and polynauritis, which is described by the authors briegly
and which indiceate injury to the central nervous system, The average
fatal dose gor rabbits with interperitoneal sdministration of thiamine
and co-carboxylase was 115 (74-178) and 510 (491-632) mg/kg, re-
spactively, With a 40 mg/kg dose of thiamine, all the animals re-
mained alive; with a 200 mg/kg dose, all the rabbits died from re-
spiration cessation., With administration of 150 mg/kg, reapiration
curiously returned to some animals. With interperitoneal admini-
stration of 300 mg/kg of co~carboxylase, the animals remained un-
injured, 700 mg/kg was an absolutely fatal dose.

Thus, in all the studies of acute toxicity, co«carboxylase
vas 2.2«5 times less toxic than thiamine. Symptoms of intoxication
from co~carboxylase and thismine in the acute studies were mono-
typic. It is possible that they are associated with the fact that
with the administration of significant doses of co-carboxylase,
metabolic dephosphorylation of the preparation is achieved,

The recommended daily dose of co-carboxylase with parenteral
administration is 50 to 1000 mg (8). The thiamine dose with the
same method of administration is 15 to 60 mg per day. Comparing
these domes with the toxic doses of the preparations in the acute
studies on animals, it was shown that the therapeutic doses in
short periods of time are less toxic and the therapeutic coefficient
(the ratio of average fatal dose to the curative dose) is equal,
on the average, to 100-1250, But not considering that the doses
of thiamine which mre used in the clinic are 100 times less toxic,
the toxic effects of thiamine in therapeutic administration occur
all the more often in the extreme case, These are apparently
associated with the fact that the nervous system in people is more
sensitive to lower deses of thiamine than are animals, Compariasons
of the acute toxicity of thiamine in experiments on animals and data
from the literature on its toxic effects indicate the need for safe
bounds on the maximum therapeutic doses of co-carboxylase in treat-
ing various diseases, derived from experimental studies of these
doses. In our opinion, the maximum daily dose of co-carboxylase
must be limited to 150-300 mg, Such a limitation is more in accord-
ance with the data from a number of authors (7) on small doses, 50-100
mg per day, of co-¢arboxylase as the appropriate high dose in
administration to people. The expressed effect of the curative dose
of co-carboxylase in insignificant amounts is easily exnlained,
since it is well-known that it ie an integral vart of the enzyme
system, which exvplains the necessity for their dosages in trace
amounts., Co~-cerboxylase belangs to the enzyme Froup,

Turther toxicity studiec on vitamin preparations corresponding
to the requirem-nta and methods of curative toxicology on dif"erant
types of animals with different modes of administration and “ires
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may yield additionel practical medical information necessary for
esteblishing the optimal curative doses of the preperations ii-
vestigated.
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Vil 815.356.0294615.355.099 ,
ZO IATANIA AP0 HOPIBINIISHY TOXCUYHICTD TIAMIHY
TA KOXAPBOICIIIA3ZY

T M. JUITKAR, M. 1T, TAD25KO
Kuloeorud fecruryr yo:cioxaciia aikaple

Birauin B, (viaxiu) e ot a UIEPOEO B'3YCKIX B crenepurentd | B
rainind sivariunnx apanapavis, 05 nd reercci, axi aa€esniuyiots eHep-
1{eio GyHxelic taabity  Kimasiicrs ceprety-ey;utitol,  ucpocool Ta fnmmx
cuerem opranianiy, Ticio nonu3ani 3 oirino 1 viatiiny. Tipcitapacy snactu-
Ba celavunlia Xid, i Touy uid 11ip0X0 3acteconyersea npit Hanphrax, ne
38'A32:IIX 3 NeLOCTAvCIO Bivakily, o

¥ 3B’R3Ky 3 IIPOKIM 37 CICCYBANHN vianiny ne oucna caGypata npo
MOXCIHBICTD (010 Nese. Wayeanid i nuobiunx peanaift, sstoainix 3 piew
nperapary. B rexumanift airepaiypi ante nivero Giasm ax S00 punanxis
SAKKAX poaxniit a4 LoeiRuuy conyativol A avuol josu siraminy B,
soran (10). 1o dixysanud sivazinot By niean IOBTOPINX B3y MO-
YT BHNLXATH JSPMATHYH Ta adepriuni porogii (4, §, §). B aireparypi
(0) cimncano yza M1 BLERGRMAT AGHEOKTNoro 1 Y B poiyan-
ratl pueednd viraminy By ¥ esive % aivepurypi obwii minajcar 3 criep.
TeALIEINM KiLHeN nicad in'exigil atearduy B3y (L, 19),

Toxeuunices Tiaviiy B excueputend miLuela HedocTathLy, | B Haykobift

&




aitepatypi ¢ anwe ncoauuoki poGori, npucmricdi nboMy suirenmo. Bintep
i catnpoGiTume (13F sirsuadam vorerrtiicrs airayiuy 13y ©a fnox foro no-
xiqnnx. ITpa buyrpimasosennomy pscachii smuas  TOECHMIA Au3d, fKA
Bukaukana sarubean 50% toapun {LD:o), Jopisimosana 89 sefwe, a npu
opaabnoMy nocxenni — 8224 wefxe. .

Bigono, wo siraMin By npoasasie cioi0 axtusiicts Tiavku b docdopu-
avoBahift. gopmi. Hyuce uacro, ocdSMH3O0 IIpPH  TXNKHX  3aXDOPIOBAHIAX
cepus, moaxy, rinoxcil, apoucc Qocdopitnosanta piraMiny nepyuryioiucs,
L0 NPHBORATL A0 3UAHNNX 33N TKAILNNIOTO ¢OMidY NHaBiTh NPH JOCTATHLO-
My HAAXOMKCHHI TA BCMOKTYBAWHI BiTaMiny ximeunixoM. B taxux sunag-
KaxX pexoMeIyeTbCa 3acTocysaHus sitaminy By y curaaai ftoro ¢ocdopu-
NboBaHol. KodepMauTHOI GOprI —- KOKApGorcHIaaN. KokapGoxenaasa wm-
POKO DUKOPHCTUBYETHCA NHPH CCPICHHX, NCUJOIOrIUHIX, OOMINHAX Ta fHuIux
3aXBOPIOBAHHAX.

Henponatonorn sukopitcrosyiors XOKapOoxewaady aas AlKyBaHHS po3-
CifTHOTO Cx7iepo3y, MOJIHCHDHTIB, XIDYPrH — y cunajikaX BamxitX nicasone-
paniizing ycxaajiienn i awit193y, B rineroaorii HPCRAPAT 32CTCCOBYIOTH NpH
HepTpUMHOMY Gaosatui  warivunx, cxJanmucii Ta B inwiX snuaikax (7).
HobGpuin aixypaaniui CeRT enocTepiracrLes bi aactocypan: upeinapary
NpH INTOKCHKAWINX Pi3NOr0 NOXOAXCIUNA Ta KOMATOINHX CTAlAX. Kokap6o-
KCHAA3L npuTamauHi cuasmoaitudni paacrueocti, poua loainye xpouo-
nocrauanu: sioxapna (2). flpenapat ¢ edexinsiiiy 3ac000: upH Aixysan-
ni indapkry Mioxapma, n GinbutocTi HmaAKia (PynKUioNATLHIX pos.iaiin
1LpODeNCHHR 36 MIKEUNT B cePeBoMy M3, Py eKeTpaclcrodii, Taxikapui,
npu Murommiait aputmii (1, 7). Ilopax 3 sunopucramisy copuesiux raixo-
aiAIB y XBODHX 3 CCPIEROIO AckoMitelcaliclo  AOuiibiO 3a050CoBYBIHHY
KokapOoxcitazu 3 MeTow nopMastisawil oGMinunx npoiecis y uioxapi.
M. 1. €ropos 3 ciivapropasut (7) ©a:KawoTh, WO KOKapGOKCNIa3la He mi-
KLiKAE NOGINMHX £RHUL | e Mae NPOTINOKA3ANb JIO 3aCTUCYBRINs. Bepyun
A0 ysar# Toft Qaxr, U0 TOKCIYHICTS npenaparis sitaxniny By, siki mipoxo
33CTOCOBYIOTBCA B KAilii, eKCHCPHMCHTANBHO AOCIILKCHA HEAOCTATINO,
HaMi YN0 TIPOBEICHO NOPIBNHAbYHE BHLYCHHA TOXCHUHOCTI tiarMiny i koxap-
fiokenanasit B rocTpHx aocTinax. )

Busuenns Toxcnwitocti npenapatis nposomiocs na TIOJIGBO3PiTiX TBA-
PHIAX pi2HOrO Hoay, AKI YTPUMYDAIICA B OMUIAKOBHX YMOARAX HA aimaroMy
yinapHoMy pauioni ma umwax (sara 1622 2), mypax (sara 160-—200 2},
Kponmax (wara 20600--2800 o). Byau suxopucrani anteusud npenapar tia-
Miny y BUNSLAL NOpOinky Ta KoKapGokendaza pupobuunrsa Mociosciolo
CKCuepndtenTaIbioro nitaMinnoro sanody. Ilpemapata nsoaman mumam i
BlypaM BUYTPILILOCUCPUBIRHO, KPOIt — buyTpimuLonciiio, Biiowve, uio
BpH BHYTDIMHLOOUCPRMILINX TI'EKIISNX NPCUAPATH IHIIIKO HOLOXTYIONLOA §
IX TOKCHUNICTD, 1O BIBHAYAETLER NP MLOMY ITSIXY DECACHIA, HAGIHIKICTL-
€S JI0 3HAUCUb TOKCHMIOCTI Npn puytpintimonctiomy poeenni. Posuni
roryRadn Ha puctiaspnaniii soji Gesnocepeanso uepel sieteniad. Koiny
AO3Y HPCUAPATY JIOCALUKYBATN ne Meum #k na 5 trapnuax. Hogaamuxasis
TOKCHUNOCTI Rl 6B 3araisHud cTan nifocaianax Toapmu, ix nowceiina,
U2C NOUATKY KOPHiB Ta upoucnt aarnGeni. Cnocrepelienint 3a ThapiLiiMu
NPOROANIH NPOTAroM 180X AHIB. ToxCHuUNMICTD BH3IWAYAIHM 22 HCHONOFOID
MeTOly upcGiT-anatizy, sauponorczanoro JirudizioM i Yi.xoxcouod o
nomorpaax, pospoG.ienix 3. Porom (3). Busuauaa cepeinio ciepieisuy
Rosy Ta i1 gonipwi newi. Biporiauicts Toro, mo cnpanicie suanenrita pein-
WHNH CepeAnbocMepTeaninol  NO3N, 0  BH3NAMACTBCH, 3HANOAUTLEST 1033
BHPAXyBRGiIX Josipuix Meik, popismiorana 0,05, {Ipu nusnaucnuni voxcuu-
HOCTI B yCiX BIHNAKAN 3HAXOMWLL 103N, MO BUKJIMKATH 3ariCoidb Beix
HIROCAILHIX TBAPHH — aGCOTIOTHO CMePTCABIY o3y (LDjeo) 1 icamumy
MaKCHMAABHO NeperocHOl 103N, sixa He BuxAuKana saruaGeii vaapiyd, Ochon-
HHM Kplrcepiex (19 onikxn TOKCHuHOCTi Tiauiity Ta moxapGoxcitiazil oy.a
cepenun cuepieania fosa (LDse).
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[Ipr: oanopasoeomy roeaeni Tiaminy LDo aga ronmein upn niyrpiw-
HLOORSPEDUURONY LICACHAT Jopismonata 455 (150 1 545) sofxa. Tipu nosi
400 refkz sonna Thapuna we gaviuyaa, a apu wexeii 600 sofse wrany-
Au uei T3apuun, Yyrannicrs manwekis 10 toxciunol i wiadiny ue nz6araroe
Biapisusanca BiA wyraumeocri Muwen. LD, Aopirwwsana 390 (342 -0
- 445 mefxe. Npu poczenuni navoxac BryTpitiLootepepinio 000 uefre
MH e cnoctepirani aarugeni taapiy, npit 1osi £60 mefxe vary oei TRAPHHA
ravyay. Koxapfioxcunasa B maunx focaizax bidenaace e TOKCI:00,
Hix riamin. LDss npu DHPTRIMLLONHOPCLIHHEOMY  RICACHNE MM Jlopis.
miosaia 1090 (973--1221) srofwe. Hpi nosi U990 aefse poi nigeeaiani Tea.

HHIE 3anARuIes nenow:roexetim, npi 1500 r1afke - TRAPUMIE JATLHYIM,
amoxy Gyan dClUt wyTA VIMH 0 TORCUHIO] JT rexepdouciaaan, LDy
lpH BUyTpinmMbouepesiiony suetenui — 1945 (1715 -2 2150) aefra, maxcn-
MAILHO  jiepencca nosa — 1600 srofve,  aGenothio CHEPTOILUG —~
2500 atz/xe. Kapruna roxcitnuol zii rianiny Ta woxapSoxciInsn 3 roctpux
AOCAIRAX DKAZYBOAD HA NOWKOLICTHIIN enrprasnol eepsoeol cilcteMu Ta
auxant, Teo poann cTanaam npHenis e, Y IBIX POUBIIACE QTHHAMIN,
POIMAR RUXAUUA, YACTO CHOCTepira ey idonike-Toniyi ropul, ocob.iuno
upH mhejennd caepresvunx roa riactiny. Coroprn TBAPMN, UK UPALILIO, HA-
CTaBANA DX UPIUICINA RUXAM, ¥ 100 wac sk cepue nwe na apors
RCHROIO HACY NPONOMKYBAIO  CHOPCI AAVHCHL. ¥ Tuldpuil, L0 ANune
KUBHAME, WICTO Cuverepiraiiics napesdd ta napanidd Kinwisox.

OcoBauro nupasuo Moscia Oys0 CucIiepiath Eapridy rexcnunol nii
npenapatis mpu IX puyi piinnosennoity sretcini (s ipacay rneny pyxa) i
nocninax ma kpeasx. Hasive mpn ao3ax mpenaparia, #X0 He MUXINKAJIH
sarubexi ToaphH, cnecrepirasioca 3nadtie UPICUIPEHNA A1 AbKIX pyxiB Ta
cynopori, [ly:xxe uacro, ccofiizo upi 32CVeCy 1K KeXapGOKCIIas, eno-
crepiranea xapaxrepuuit onicroronyc Bispasy & nicad RheacHi npenapaty,
3 piaiin siikanamuax rososn masan. Ue sismme B jeakid 1ipi naranyoagao
XapaxTephi 1031 reay6is npu pupas<enoy 13, asitazinosi ta 10.Ti1eB phTi,
Akl onucani 6aratLlia AUTOPaMH | 33301k HA HOMKOLKCHNT UCHTPANbIIOT
uepnovol cucreyn. Cepeing cMEpieaLua 203a jid Kpoais npH Bayrpiumso-
BelHoxMy snereini riaviny 1a Koxaptoueinan sopianonada sixnesisio 115
(74 =- 178) i2fwe 1a 5107 (491 == 652) /i, Hpit o3l ainvtiiny 40 srefse yei
TCAPRIY JAABMLLINCT XUnuMH, npi nosi 500 ifre noi Epoai sinyan nix
npinenas quxamer. Opa rnejeisi 160 eofie miryune aricanny novepTa-
A0 Jeaxme vpapuu jo ket Upn sy vpinnne anotty nuenwnui 3C0 me/se
KOK@POORCILGAIN TLADIRN 300LIATICH LeltumEns o, 700 sefse € ab-
CONIOTHO CRLPICALIDIO RG3010,

Taxiy winoM, b yeix  jocaiwx upu sunuendt  rocepol  roxemntocti
KoKapGorcitaza Syna s 2,2 -5 pasiy :cin Torerrolo, wix vioin, Cuva-
TOMH IHTORCHKAWIT KORQpJOKC'Lia30:0 T4 riaiuod B rocrpix pocalnax
Gyan opotiinungs Moo, Le an'zie 3 M, B0 UPH puesenni 3uay-
WX Q103 RORAPELICHIA3N BiASysacihed setadonivie NEGCCHOPILINAHHA
npenapary.

Pexo.remieranon robozoro nosom RCEAEGOICIAIN MPH HAPeepU.IL.
Hoxy BrraeHii € 3032 sin §0 a0 1650 w2 (5). Hosa ilaniny npu raxouy i
MCTONI BLeRAIN KOausaersen wix 15 ;o GO .02 na w/umy. Hopisisanus
IUIX 103 3 TOXCIGHMN A03AMH LiPei batia B Ot X s6cHinax ia T8apH-
Hax Mexasatio, wo vepanostui 1024 u Garavo DHGID MCHM ToucHuHi i
TepaneyTIMg Koegindear  (Biror g cerabocicpreinsnci  Josu jo
Aigysaawiol) jqopinuice, s cepeuinaity, 100--12290. Ana, nesparxaioun na
Te, 110 Ko3ll Tin::i:iy, :{:;I 2acicconyorses B owdaiiui, B corni pa3is aenmi
TORCHAMK, Teremni epextd  viiay upn ase,olmi WOPZIANLTHIX [03
OCTAHNBOMO WPRILLLOTECH 2 Lz, onertro, Sa'm3aro 3 T, 1o
HEDLODA ClifTena oI *ly;mx_mima A b riainy, wix y thapiu, Ho-
PISHINRA roCrpol Toxohunocri wiaviny 3 crenepnrientd na Teap.anax i qae
HHX ATFCPATYPH HpO NOro vekcHmi CPoRA LXasye Ha HeoSxiiiices uen-
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HOrG OOMexenns Maxcnuaasnol Teprnesvitauol nosmn KOapCOKCIIAIN Tipit
AidysaHui planix 3axBeOpICHUNL, BUXOASTH 3 BHIYO4HA il nif, 8 uxeuepn-
tiauvl, Ha mawy jgymcy, :vikeamoasny NCOOBY LO3Y KOKAPCORCiadsid lie-
o0xiino ofMexirn 150—200 oo Taxe olxeacenus riM Glasig Jwuiaste, wo
33 AN pany asropis (7) Bie D HCSCANKIX A033X — 50—1C0- se Ha
A0Sy -~ KokapOoKCIAasi BracTuBi BHCOKI repaunestig sxocri npu oavopa-
susoMy sneaenni aoguni. Bupanens et Aikysaasuol il xoxapGokcnia-
30 B HCINAUINX KINLKOCTAX JIETKO LOACHIOTLOR, Tax MK #o0pe nijtoto, oto
roen3nuny, uxl 6epyre Geauocepeuino yuact, 3 pisnux siunax oG:uiny, Gyay-
T C1A.105010 HACTUNOW DCPIIenTINX CUCTM, HecGRiui 1M DHIRISliY 1X
il B cainosux Klibkeerax, ;I) HCXApGORCHIa3a HANEIXITE KO Xogeprentin.

Janbuwie pnBYeHHA TONCHUNOCTI  Birarinuux npenaparis  sianozizso
BIntorasM i serogas Jixaperxel roxcHxoA0ril Ha Pi3HHX BITAX T2apHH nph
PISHHX WAAXaX BBeZeHUA | CTpOKax r:o:xe jaTit APAKTHUUIA e yo-
Rareosi vizomocti, ncobxinui s scranosncnuna ONTHMAILUNX AiKYBAJILHHY
703 locaifuKyBaHiX npenaparia.
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GN THE COMPARATIVE TOXICITY OF THIAMINE AND COCARBCXYLASE

G. N. LIPKAN and N. P. MASHCHENKO
Kicu Institute of Postgradiate Training of Physiclans

SUMMARY

A study is prosented of the acute loxicily of thiamine and .is rhospharylated

foria (cocorbaxylase) in acute experimeats on different kinds of aulmals (miice, rats,

rabhits). If was found that cccnrgoxyhse proved 2-5 times less toxic thon thiforaine.
The anthors recornmend to reelrict the 1vaximum daily dosa of cocaibogylose to

150-~200 mg and suirgest the necessily of finther iavestierations of the toxie cilects

of vitamin preparaticiis with the purpoie of establishing oplimzl therapeutic doses.
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Thiamine Influence Upon Laxative Action’

THE animal experiments (1, 2), by showing that
 the beneficial action of thiamine upon the intestine
appears to be limited to hypothiaminotic atony, justi-
fies the use of thiamine in conditions having this eti-
ology. There is, however, a tendency to use thiamine
also in combination with cathartics. The question
whether there is a synergism between thiamine and
laxatives, may be answered by experiments in the
rhesus monkey, the only species suitable for measuring
the effectiveness of cathartic drugs (3, 4).

This report is based upon 443 experiments in rhesus
monkeys.t Phenolphthalein was chosen as a test sub-
stance because the response of the monkey to this drug
is well defined and an assay method is available (4, 5,
6). Eleven adult monkeys of either sex were cali-
brated with a standard U.S.P. phenolphthalein in 14
to 65 (average 38, total 413) experiments to determine
the individual oral threshold cathartic dose (C.D._ ).
In 25 experiments the same monkeys were fed varying
fractions of the individual C.D.,, and at the same
time daily doses of one to 100 mg./kg. of thiamine
hydrochloride were administered in two equal doses
in 8 hours. The period of thiamine treatment extended
Over the day the phenolphthalein was administered,
the subsequent day, and a varying number of pre-
ceding days, The care of the monkeys, diet, adminis-
tration of the drugs, recording and evaluation of the
lixative effeet were described elsewhere 4, 5,6 7.

A survey of the experiments is given in graph 1,
Tepresenting the distribution of positive and negative
results in relation to the phenolphthalein dose and to
the period snd’ dosage of the thiamine treatment.
When the individual sensitivity to the laxative changed
in the course of the long calibration period, the test

dose given in the thiamine period was referred to the .

C.D.,, of the pro- and that of the recalibration period.

e R SO
n"'m W .ﬂ the Maedical Division, The Montefiore
Bus., Breeblyn, N. Y.

Hence, the number of entries in the graph is higher
than the number of experiments,

In the evaluation proper, these variations in sensi-
tivity did not interfere with the result since it is the
express purpose of the “procedure of approximation”
(5. 6, T) to tuke them into consideration, Ly approxi-
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mation from a total of 40 values of maximum and
minimum poteney obtained in the 25 SVRergism ox-
periments the poteney of phenolphthalein was found
to be 1175 * 0.20 as referred to the potencey value B0
of phenolphthalein in the calibration periods. In other
words, the synergistic increase in potency of phepof-
phthalein effected by all kinds of thiamine treatment
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amounted to about 18 per cent, with a coeflicient of
variation of =+ of 17, .

In the routine bioassay of cathartics in rhesus
monkeys, the range of variation is about =+ 10 per
cent. It may be assumed to be greater in experiments
of the type presented here because both pre- and re-
calibration experiments are separated from the test
experiment by greater intervals of time, the former
by the thiamine pre-treatment period, the latter Ly a
period of safety required to avoid possible persistence
of thiamine effect. An even wider range than =+ 17
per cent, but with a mean value closer to 1.0, might
have been obtained by conducting additional experi-
ments with phenolphthalein doses higher than the
C.D...

1.175 is the mean value of potency from experiments
with widely varying thiamine treatment. As can be
seen from the graph, there is, however, no convincing
indication that the effectiveness of phenolphthalein
was  significantly  increased by prolonged thiamine
treatment or by higher thiamine dosage. To the con-
trary, if there was any synergistic influence in re-
lation to the thiamine dosage, it was rather in the
range of the smaller doses. 30 to 100 mg. kg. daily
are considerably preater than a dosage of mainten-
ance or of complete substitution. That these large
doses failed to increase the effectiveness of the laxa-
tive, indicates in itself that diet, food intake and state
of health of the animals were of no great importance.
Actually, no more convincing synergistic effect of
thiamine than in normal animals was seen in monkeys
with a fatal disease (usually tuberculosis), with lower
sensitivity to the laxative, or with decreasing body
weight, three possille signs of hypothiaminosiz. For

practical purposes, the insignificance of the synergism
attained in these thiamine experiments can best be
emphasized by contrasting it with the incomparably
greater increase in effectiveness, namely by 200 per
cent, which is readily obtained by replacing U.S.P.
phenolphthalein by commercial—so-called “yellow"—
phenolphthalein.

Since in some of these experiments any indication
of enhanced intestinal activity was absent even after
thiamine doses several hundred times higher than
those in therapeutic use, their outcome is direct evi-
dence that thiamine is useless as a laxative and has
no place in the therapy of constipation “unless it is
the direct result of a deficiency” (8).

SUMMARY

Experiments in the rhesus monkey give no support
to the assumption of a synergistic influence of Vita-
min B, upon laxative action. Daily doses from 1.0 to
100 mg. k. thiamine hydrochloride, orally adminis-
tered over periods of 2 to 17 days, did not significantly
inerease the effectiveness of a laxative (phenolphtha-
lein). The average increase in effectiveness in 25 ex-
periments was 18 per cent with a variation of + 17
per cent.
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Question on the toxicity of Diphosphothiamine.

A, Malachovskis.
Vitamin B; or thiamine has found wide recognition in medical
and veterinarian therapy for a variety of ailments or to
induce a body to grow. 8Sound toxicological research has
shown that large thiamine doses are active similar to tubo-
curarine and cause bulbar breathing centrum paralysis. It
has been shown that death causing doses of thiamine for
mice are 125 mg/kg; rat, 250 mg/kg; and rabbits, 300 mg/kg
body weight (l1). Other authors' research show that intra-
venously injected thiamine induces death (lethal dose is
125-350 mg/kg body weight), injected subcutaneouély the
lethal dose is six times larger, but injected per os, it
is increased a hundred times(2). 1In scientific references
we find explanations that use of large doses of thiamine
for human therapy sometimes causes intoxication symptoms:
changes in breathing, mild irritability, vomiting, tachi-
cardia, headaches; and sometimes show allergic symptoms -
swelling, rash, eosinophilia. A few lethal cases when using
thiamine-for treatment of illness are described(l;3).

Since the years 1935-1938, it has been known that in
human or animal body, thiamine changes to ester-thiamine

pyrophosphate, or diphosphothiamine, and then in this



form participates in numerous biochemical reactions. In
the present time diphosphothiamine is clinically adopted
in foreign countries and the Soviet Union, but until now
our search of the scientific literature has found little
information on the toxicity of this preparation.

In the year 1954 of our dissertation work (4), it was
shown that small doses of diphosphothiamine do not cause
any toxic disorder when the preparation is injected sub-~
cutaneously or intravenously to humans, rats, white mice,
and rabbits. At that time diphosphothiamine doses of
0.15-5.0 mg/kg body weight were used, however we did not
get a wider understanding of this preparation precise
toxicity.

In 1954 diphosphothiamine was tried in complementary
therapy of diabetes, the dose was 2-6 mg intramuscular,
and no negative reactions were observed(5). Later in the
treatment of people afflicted with disseminate sclerosis,
the diphosphothiamine dose was increased to 50 mg, and
even when injected intravenously , it surprisingly did not
cause any stress or symptoms of toxicity(6). Lately,

V. Kutorgos published very precise research work (7). The
author underlines that diphosphothiam ine has less toxicity
than thiamine. Its maximal tolerant doses for mice are

350 mg/kg, but absolutely lethal dose is more likely to



be 450 mg/kg body weight when the preparation is 1njected
subcutaneoualy or intraperitoneally. The author did not
verify the toxicity of diphosphothiamine when injected
intravenously. For this reason we desire to supplement
this lack of information with our research work, and would
like to make known the results of our specific research.-
Research was done in two series: February 27 - March 25,
1951, and April 28 - June 20, 1952. For research 330 white
mice were used (165 males and 165 females) with a body
weight approximately 16-18 g. The mice were raised by the
author himself and all the time lived in normal vivarium
conditions. Research was performed in.groups of 10 each
(5 males and 5 females). Laboratory animals were injected
intravenously with sterile solutions of thiamine, diphospho-
thiamine, and a mixture of equal parts. The concentration
of the solutions was 0.2%; thiamine solution was sterilized
in the autoclave at 1.5 atmosphere for twenty minutes, and
the diphosphothiamine solution was sterilized by filter
sterilization using a Zeico filter. In the experimental
investigations, 30, 60, 90, 120, 150, 200, and 250 mg/kg
doses were used. We have to explain that in the experiment
using the 250 mg/kg dose, we had to inject approximately a
two milliliter mixture; which we must stress, this dosage

caused additional trauma for the experimental laboratory

animals. Toxicological research results were evaluated



with F;shor‘s formula (8). Animals injected with a dose

of 30 mg/kg of thiamine, diphosphothiamine, or their miﬁture
did not show any noticeable toxic symptoms. Mice injected
with a dose of 60 mg/kg thiamine were disturbed by small
convulsions and immediately returned to normal; &8iphospho-
thiamine and their mixture of both did not cause any stress.
The same was repeated with a dose of 90 mg/kg body weight;
the thiamine group has shown much deeper convulsions, and
one mouse was very irritated until after two hours when her
céﬁdition cleared. Further observation of the animals for
five to seven days after the experiment did not show any
dead and their behaviour was normal.

The first genuine toxic symptoms and death accidents
were observed after injecting 120 mg/kg thiamine. Immediately
after injection of the preparation, two animals died of
convulsions and disturbed breathing. The others reacted
with convulsions and laying on their side; however, after
one hour and fifteen minutes the animals improved and after
five days their discomfort disappeared. After injecting this
same dose of diphosphothiamine and a mixture of the two,
small convulsions were observed between thirty to thirty-
five minutes which later disappeared and the animals did
not appear to differ from the other controls. Therefore,

the maximal tolerant dose of thiamine injected intravenously



could be 100 mg/kg body weight.

In the first research series the mice were injected
intravenously with thiamine, 150 mg/kg,which caused all the
mice to die. 1In the second research series, six mice died
immediately with paralysis, convulsions and disturbed breath-
ing symptoms. After thirty to thirty-five minutes the next two
mice died in grave discomfort, and after two and one-half
hours two mice began to recover and after a period of five
days returned to normal. Both preparations mixed and injected
in this dosage caused immediate death of two mice, and after
thirty minutes again one mouse died. Other animals reacted
with the described symptoms and after two hours, their condi-
tion returned to normal.

A thiamine dose of 200 mg/kg was absolutely lethal,
and in minutes after injection, all animals died with the
same symptoms. After injection with diphosphothiamine all
mice reacted violently, with convulsions, laying on the side,
and paralysis. In the first research series, four died and
in the second, three animals. After three hours the others
began to feel better and after a period of five days their
condition became normal. After an injection of the mixture
of both, all animals reacted very violently and six mice
died with described symptoms. The others conditions improved

after six hours and they slowly returned to their normal life.



However an injection of 250 mg/kg thiamine caused death
of all animals with the usual symptoms. This same dose of
diphosphothiamine led to the death of eight animals during
a few minutes, and again the death of five after a period of
three hours. After four to six hours the other mice began
to recover very slowly and definitely reached a normal condi-
tion after two days. During the remaining observation time,
they lived normally. When a mixture of both preparations
was injected, half of the animals died within fifteen minutes,
the remaining five reacted very seriously: four died in a
period of two and one-half hours, and the last mouse died
after twelve hours.

Final toxicological research results are described in
chart number one. The results of our work indicates that
diphosphothiamine is less toxic than thiamine. The toxicity
of the diphosphothiamine and thiamine mixture places it

between the two preparations when used separately.



Thiamine, diphosphothiamine and their mixture influence
on mouse mortality.
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Analysis of our research shows that the maximal tolerant
thiamine dose injected intravenously is equal to about 100 mg/kg,
Diphosphothiamine and a mixture of both is closer to 140 mg/kg
body weight. The latest research shows that the absolute
lethal dose of thiamine for mice is equal to about 200 mg/kg,
diphosphothiamine more than 250 mg/kg, and a mixture of
both, 250 mg/kg. In our opinion this lesser toxicity of
diphosphothiamine can be explained by the fact that
diphosphothiamine is the psychological form of thiamine in
the animal organism, and we do not need mobilization of
a special mechanism for thiamine activation. Some authors
(1,2,3) point out the possibility that diphosphothiamine
passes through membranes slower than thiamine. Our many
years of research shows the very important influence of

diphosphoth.iamine on carbohydrates and it causes some



other biochemical changes visible after five minutes after

the preparation injection intravenously or subcutaneously.

For this reason in our opinion, the lesser toxicity of di-
phosphothiamine can not be explained by its lesser reabsorption
than thiamine.

Statistically evaluated results of interval dose of
150-200 mg/kg body weight of diphosphothiamine and its mix-
ture with thiamine indicates that diphosphothiamine is less
toxic than thiamine (x2 between 5.0 to 10.8). The conclusion
from our basic work is very timely because it proves that
diphasphothiamine not only has excellent activity: and less
toxicity than thiamine, but also has a future in the clinical

usage of this preparation for internal diseases therapy.
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DIFOSFOTIAMINO TOKSISKUMO KLAUSIMU'

A. MALACHOVSKIS

Vitaminas B,, arba tiaminas, rado platy pritaikying medicinoje ir ve-
terinarijoje jvairiems susirgimams gydyti beir augimui skatinti. Gilos
loksikologiniai lyrimai parodé, kad didcles tiamino dozés veikia analogis-
kai tubokurarinui, sukeldamos bulbarinio hveépavime centro paralyziy. Nu-
rodoma, kad mirtinos tiamino dozés pelems yra 125 mg/kg, Ziurkei
250 mg/kg, triudivi--- 300 mg/kg kino svorio [1]. Kil: autoriai nurodo,
had j veng jSvirkstas tiaminas sukelia mirt) (mirlina dozé 125 -350 mg/kg
kuno svorio), jSvirkiciant po oda, mirtina dozé yra i kartus didesne,
o jSvirks¢iant per os, ji padideja 100 karty [2]. Literaturoje randame
nurodyiny, kad, naudojant Zmoncems gydyti dideles tiaming dozes, kartais
esti intoksikacijos siinptomy: pakinta kveépavimas, atsiranda pykiniinas,
vernimas, tachikardija, galvos svaigimas, kartais buna alerginiai reiski-
niai' — patinimas, i8hérinas, cozinolilija. Apradyti taip pat keli imoniy
mirties atvejai, panaulojus tiaming ligeniy gydymui {1, 3]

Taciau nuo 1935 -1938 in. Zinoma, kad Zmogaus el gyvuliy orga-
nizme tiaminas virsta esteru - - tiamino pirofosfatu, arba Jifosfotiaminu,
ir tokioje formoje dalyvauja jvairiose biocheminése reakijoseo Dabartiniu
metu difosfotiaminas rado pritaikymy Zmonny klinikoje uzsionyje ir Taryby
Sqjungoje, {aciau mvms pricinamoje literatoroje tadones mazai duomeny
apie Sio preparalo toksiSkumag. Dar 1951 . musy disertaciniame darbe
[4] buvo nurodyta, kad maZos dilosfotinmine dozés nesnbelia jokiy tok-
siniy reishiniy, JAvirkStus preparatg po oda arba j veng 2mondims, Ziur-
ks, baltosioms pelims i trinsiams. Taciau musy tada buvo naudojamos
0415 5.0 mg/kg kuno svoriv difosfotioming dosés ir jos ocgalejo giliau
apibudinti Sio preparato toksiskumo.

1954 m,, taikent difosfutiaming kompleksiniam diabetiky  gydymui,
buvo panoudotos 2 6 mg preparato dozes j raumenis, ir johiy neigiomy
reiskiniy nebuvo pasicheta (3], Veliau, gydant difosfolisniu seroanéius
diseminuota shlcroze, preparato dozes buvo padidintos iki 30 mg ir, ne-
siurint jo jSvirkstimo j veng. taip pat nebuvo puiyméta toksiniy reidki-
niy [6]. Pastaruoju metu Duve paskelbti nuodugnis V. Kutorgos [7}
tyrimai. Autorius pazymi, kad difoslotiaminas yra maiiau toksiskas, negu
tiaminas. Jo maksimali tolerantiné dozé pelems yra 350 mg/kg, o absoliuti
mirtina dozeé - - daugiau kaip 450 mg/kg kuno svorio, j$virh.s¢iant prepa-
ratg po oda arba j pilvo ertme. Taciau autorius nepatikriio suleisto | veng
difostotiamino toksishumeo ir dél to, noridami uzpildyti wig spragg, $iame
darbe pateikiame atitinkamy tyrimy rezultatus.

Bandymai buvo daryti dviem serijomis. 1951 m. vasario 27 hovo 25
dicnomis ir 1952 n. balandZio 28- birivlio 20 dienomis. Bandyniams pa-
naudota 330 baltujy peliy (165 paliny ir 165 pateliy), Luriy Kuno svoris
svyravo nuo 16 iki 18 . Pelés buvo paties auteriaus iSauygintos ir visg

N}



atkg gyvero nonnaliose vivariumo salysuse Bandymar buvo atliekany
~rupemis - po 10 gyvulivky grupeje (5 patinai, 5 patelés). Gyvulinkamy
¢ veng buvo svirksctami tiamino, difosfotiamino bei jy wisinio lygiomis
Jalimis sterilus tirpatai. Tirpaly konceatracija 0,2%: tianino skiedinys
suvo steritinaimas autoklave 1,5 atm. 20 min., difosfoliamine tirpalas sfc.
cilinamas, liftruojant per Zeico filtra. Bandvimuose buvo istirtos 30, 60, 90,
.20, 150. 200, 250 mg/kg kiino svorin preparato dozes. Tenka pabrédti,
-ad, naudojant bandymuose 250 mg/kg doze, leko jSvirksti apie 2 ml
kiedinio, kas, Zinoma, sudaré¢ tam tikra papildoma traumng cksperimen-
-intamns gyvuliukams. Toksikologiniy tyrimy rezultatai buvo apdoroti sta-
“istiskai pagal FiSerio formule [8]. [SvirkStus gyvuliukams tiamina, difos-
tiaming ar jy miSinj dozéje 30 mg/kg kiino svorio, jokiy intoksikacijos
eiSkiniy iepastebéta. 60 ing/kg tiamino dozé kai kurioms pelems sukele
ezymius ir greil pranykstancius traukulius, difosfotiaminas bei preparaty
1isinys jokiy reiskiniy neparode. Tas pats pasikurtojo, esant dozei 9 mg/ky
1m0 svorio, tadiau tiammino grupéje traukuliai buvo daug <unkesni, o vie
1a pelyté buvo sunkioje bukléje ir pasitaise tik po 2 val. Toliau stebint
fyvuliukus artimiausiy 57 dieny bégyje po bandymo, mirties atvejy
‘ebuvo, jy laikysena buvo normali.

Pirnicji ryskos toksiniai reidkiniai ir mirties atvejar buvo pastebeti,
svirkstus 120 mg/kg tiamino. Tuojau po preparato suleidimo Zuvo 2 gy-
aliukai, esant kloniniams {raukuliams ir sulrikus kvepavimui. Kili rea-
<avo traukuliais, Sonine padétimi, ta¢iau po 1 val. 15 min.’ gyvolinkai
rasitaise ir artindiausiy 5 dieny begyje jy laikysena buvo normali Sulei-
‘us jiems tonig pat doze difosfotiamino arba abiejy preparaty misinio
035 min. laikotarpyje, buvo pazyméti nezymis traukuliai, kurie véliau
“raéjo, ir gyvuliukdi nesiskyré nuo kontroliniy. Tokiu budu maksimati
Merantiné tiamino dozé po preparato jivirk3timo j vena gali buti prity-
Jinta apytikriai 100 mg/fkg kimo svorio.

Suleidus peléms j veng 150 mg/kg tiamino, pirninoje bandymy serijoje
-isos Jos zuvo. Kiloje bandymy serijoje Zuvo tuojau po suleidimo 6 pelés,
sant galuniy paralyZiaus, traukuliy bei kvepavimo sulrikimo reiskiniams.
20 30 35 min. fuvo dar 2 pelés, iki tol buvusios labai sunkioje bukkéje.
< pelytés po 2,5 val. pradéjo taisytis ir véliau 5 dieny bégyje jy laikysena
~uvo normali. Suleidus gyvuliukams tokiy pat dozg difosfotiamine, pir-
10je scrijoje Zuvo 2, o antroje — | pelyte. Kiti gyvuliukai reagavo lrau-

uliais, sanine padétimi, uZpakaliniy galiniy parezais, tacian véliau pasi-
raise ir gyveno normaliai. Suleidus gyvuliukains 130 mg/<g abicjy pre-
araty (isinio, tnojau po injekcijos Zuvo dvi pelytes, po 30 min. dar
lena. Litusios reagavo jau apradylais simplomais, bet po 2 val. pasilaise
- veéliau ju faikysena buvo normatli.

Tiamino dozé 200 mg/kg kuno svorio buvo absoliuciai mirtina ir
rtimiausiomis minutémic po injekcijos visi gyvuliukai Zuvo, esant jau
rprasytiems simptomams. Po difosfotiamine suleidimo visos pelytes rea-
~ave trauhuliais. Sonine padétimi, parezais. Pirmoje bandymy serijoje
uvo 4, hitnje — 3 gyvuliukai. Likusieji po 3 val: pradéjo tassytis ir paskui
o dieny benvje jy latkysena buvoe mormali. Po preparaty misinio sulei-
vimo vist uvvuliukai sunkiai reagavo, esant apradytiens reidkiniams, ir
-alandos heuyje zuvo 6 pelytés. Likusios po 6 val. pasitaiss ir veliou gy-
210 noralial,

Pagaliau, suleidus pelems j veng 230 mg/kg tiamino, visos Zuvo tuo-
- po injekcijos, esant jprasticms reiskiniams, Tokia pat doze difosfotia-
rine sukcle artimiausiy keliy minuéiy bégyje 8 gyvuliy mirtj, dar 5 Zuvo
rtimiausty 3 val. laikotarpyje. Likusios pelés 1---6 val. pradéjo taisytis,
i1ciau dar sekandig parg jos buvo matiau judrios ir galuinai pasitaisé



tik po 2 pary. Likusj stebéjimo laiky jos gyveno normaliai. Suleidus
pelims preparaty miSinio, artimiausiy 15 min. beégyje pusé jy zuvo, liku-
,sioszs relagavo labai sunkiai ir 4 krito 2,5 val. bégyje, o paskutiné -
o 12 val. .

’ ‘Galutinai toksikologiniy lyriiny rezultalai yra apibendrinti 1 lente-
Ije. 18 lentelés duomeny ailkiai matyti, kad difosfotiaminas pasizymi
iymiai maZesniu toksiskumu, negu tiaminas. Tiamino ir difoslotiamino
miginys ulima toksiSkumno atlvilgiu tarping padétj tarp abiejy preparaty,
paimty atskirai. :

1 ientele

Tiamino, difosfotiamino ir jy nitinlo jtaka peliy ‘mirtinguinul
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Misy tyrimai rodo, kad maksimali tolerantiné tiamino dozeé, Svirks-
ciant jj | veng, yra lygi apie 100 mg/kg svorio, difosfotiamino ir abiejy
preparaty misinio ji artima 140 mg/kg kuno svorio. Tolesni tyrimai paro-
de, kad absoliuti letaliné tiamino dozé peléms yra lygi apie 200 mg/kg,
dilosfotiamino - daugiau kaip 250 mg/kg, o abiejy preparaty nidinio -
250 mgfkyg kuno svorio. Toks matesnis difosfolimnino toksiskumas, masy
nuomone, gali buti paaidkintas tuo, kad jis sudaro [iziologiskai aktyvig
tiamino formg ir gyvulivko organizmui nereikia maobilizuoti atilinkamy
mechaniziny tiamino suaktyvinimui. Kai kurie autoriai |1, 2, 3] nurodo,
kad, matomai, difosfotiaminas per membranas pracina sunkiaw, negu
tiaminas. Miisy ilgamediai tyrimai rodo, kad labai Zymus difos{fotiimine
poveikis karboanhidrazés ir kai kuriy kity biocheminiy rodikliy pakitimui
lonstatuojamas jau po 5 min,, suleidus preparatg j veng arba po oda.
D¢l to, misy nuomone, walesnis difosfotiamino toksiskumas negali buti
paaidkintas jo inaZesne rezorbeija, palyginus su tiaminu.

Statistinis gauty rezultaly apdorojimas parodé, kad doziy intervale
150— 200 mg/kg kuno svorio difosfotiaminas ir jo miSinys su tiaminu pasi-
zvmi maiZesniu toksiSkuinu, negu tiaminas (x? svyruoja nuo 5,0 iki 10,8).
Si pagrindiné misy darbo iSvada yra labai aktuali, nes tuo jrodoma,
had difosiotiaminas turi pranasumy prie$ tiaming ne vien tik savo veik-
lu:ug, bet ir toksidkumu, ir sudaro perspektyvy preparatg vidaus ligy kli-
nikoje.
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K BOMPOCY O TOKCHYHOCTH AHSOCSOTHAMHHA
A. MAJTAXOBCKHMC '

Peatome

KaK H3BecTHO, THaMHH B OPraliH3Me YC/A0BEKa B MHBOTIHX NOABCPracTCs
pochopuanposamuio # B Gopve anpuchoranina npINEMALT ydacTHe u
ofmenttsix npoueccax. B wactonwee spems andocdornamin (koxapGoxcn-
Aa3a) wallle] WHPOKoe NpHMelledie B KIHUKe, O/IHAKC B [THTEDPATYPe BONpaC
0 TOKCHYHOCTH 3ITOFO NPURAPATA OCREUICH HEROCTATOYHO. B Hactostney
pa6oTe OFpaKceHB Pe3yabTaThl HAUWIKX HecieRoBanui, npusegeninx 8 1951 —
1952 rf., B FOTOPHIX CPABHHBANOCH TOKCHYeckoe ReficTRue THaMHKa, audoc-
?onmumm W MX CMECH B PaBHBLIX KOJHYECTBAX HA OpPraliniM Geanx Mhitired.

Ipenapatel NpHMEHAINCL ORHOKPATHO B BUAEC BHRYTPHHEHHBIX BJIHBAHHRA, &
noase 3&—~25€) MR neca Teda, B pesyanTare npoBefeHIHNX ONHITOB BHABACHO,
nTO, MERCHNLLEAR TONCPARTHAA 1038 THAMHHA COCTARASCT oKo.10 100 M2fxe,
AasUmocdior HaMIHa 1 CMeCH NIPCNapaTon OHa COCTABANKCT okano 140 ma/ke,
ABCOAK Mas CMEPTEILNAN 1038 AR THAMNNAE — 0k0A0 200 mo/ke, aaw nn-
Pocorianunn pitine 250 sefwe, A evect npenapaton - 250 mo/Ke
Takum 06pazoM, MOKIO FAKAUOMITE, U0 JPUCHOTHAMHH 0fIALICT MCIbIle
BUPAKCHHOIT TOKCHANOCTBIO, YCM THAMNN, & cMech 060X npenaparos saun-
MACT DPOMEKYTOMHIRC TONDKCHHE,
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ENCFPHALITIS AS A CONSTQUENCE OF ALLERGY TO VITAMIN B1 Bib No. 2397

Maria Meurkiewicz and Bronislaw Uss
Neurological Clinic, Academy of Medicine, ILublin; Director: Dr. W,
Stein, MD, professor

Allergic diseases are an expression of a reaction occurring
between an antigen and an antibody, a reaction which arises because
of the action of the antigen. The kind and degree of intensity of
this reaction depends on the reactibility of the organism, which may
vary., If it is greater than average, it may produce allergic symp-
toms, It is significant that with high reactibility of the allerpgic
organism, nonsvecific stimuli mav also evoke this same allerpic
reaction. As a result of this, the picture of allergic diseases is
varied,

Allergic diseases of the nervous system are characteristic
in having different features for the polymorphic rorms and various
courses of the allergy. The allergic resction may affect the tissues
of the central nervous system, the peripheral nerves, snd the medulla
meninx (2,3),

The case presented by us seems interesting from the vroint of
view of etiology, especially the severe course of the disesase, and
skin changes which eall to mind a drug rash.

DESCRIPTION OF THF CASE

Se Tey 25 years old (illneas history #789,.6(9), a director in
a factory, was directed to the clinic on August 6, 1969 from the
county hospital with suspected encephalitis of the brain meninx in
the course of messles,

I11 for a month, he suffered a head injury from loss of con-
sciousness in a highway accident, As a result of a continuous head
pain, he was trested for seven days in the hospital and then in the
Provincial Neurological Clinic. On July 26, 1949 he felt i1l1,
nain occurred in the nit of his stomach, and a biight red rash
anneared on the skin of the stomach and rib cage. After two days,
the patient w=s running a fever of 39° , severe head pains occurred,
and the rash hecame generslized., The patient was admitted to the
county hospital, After a week, a state of coma occurred: vomiting,
stroke affecting the extremities on the left side, and then loss of
consciousness occurred, The natient wns sent to the cliniec in
Tublin,

At the time of admission, the following was found: the patient
was unconscious, and on the skin of the entire bodv, there wes a
bright rea, spotty rash with ocellar extravasation. The conjunctiva
of the evelids and eyeballs twitched, with cyanosis and swelling
of the urper right eyelid, In the internal organs, no deviation
from the norm was found. DTulse was 118/min, pulse blood nressure
was 110/90 mm Hg. Temperature was 40° ., There was rigidity of the
neck on the left apnd in the left fingers, and the nasal-cheek fold
was smooth., The upver and lower extremities toward the top fell
in a paralysis. Deep reflexes were preserved., Rabinski's sign was
negative, Stomach reflexes did not succeed in develoning., Both
eyes were bilaterally unchanged. The action of lumbar pricks in-
dicated a small inflammatory chenge in the medulla fluid (albumin -
77,0 mg ©°, nlovnucleoles 106/%, sinele nucleoles 16/7),

Tn sdditional studies conducted at this time (morpholorical



comnosition of the blood, a total urinalysis, O®,

level of urea and surar in dlood =serum, liver axamination, electro-
rhoreais of albumin in blood serum, Wi Y, only thene
deserve attention: leucoeytea, 25 200; maidovhilie rramaloevien, Yooy
nlaty cornuscles, 110,000/cu mm™; time of hlesdine and blood
coagulation, normal,

EEG study: s pathological record of generalirged change of
moderate degree. No expression of focal changes -ves found.

Tn repeated studies of the feces, no parasite eggs were found,
In sections cut from the ¢alf muscle, larva of Trichinella spiralis
was not found to be present. In omn inhibitory reaction, hemarpglu-
tination of antibodies for parasitic encerhalitis was not found,

A radiological study of the rib cage indicated no change, X«ray of
the skull: in the occipital region, visible intervals confirmed
traumatic changes. An Xeray of the neck vertebrae was without
change,

Taking into consideration the general state of the patient,
skin change called to ~ind a drug reaction and the blood picture was
acceptable, that the diseanse was of toxic-allergic origin. The
very high leucocytosis and significant increase in number of acido-
philie pranulocytes were ageinst this theory.

After five days of treatment, in the course of which the patient
received? 250 meg of hydrocortisone a day intravenously and sipmatic
tempersture began to decrease to 38" | the patient began to react
to simnle instructions, In the next two weeks, his body temperature
returned to normal, the patient regained consciousness, motor activity
of the uvper and lower extremities returned, and there was found only
partinl paresis of the spastic tvpe in the extremities on the left
side, The skin rash went away. MNew lumbar pricks indicated only
slight nleocytosis, single nucleoles %2/%, albumin A6,0 me °'. Treat-
ment with hydrocortisone was discontinued (the patient received 1,565
mg altopether) and encortone was given orally. On September 3rd,
the encortone tresatment was ended; the patient still received
centrophenoxine and vitamin B complex. He began to walk by himself,
but he still susteined a slight paresis in the 1imbs on his left
sjde, After two days, pruritis of the skin over the whole bhody
appeared; a snotty red rash appeared on the face and limbs,
as well as a swelling of the eyelids and face. All drugs were set
aside and phenszoline, calcium gluconium, and dexamethasone were
given, After a weak, the changes in the skin and swelling in the
eyelids and face went away, On September 24th, subsequent studies
of the feces for narssite eggs indicated the presence of ascarid
egrs., The patient st-yed on antivermin treatment. 0On October *rd,
i.e, after two months of treatment, only a small degree of nsvcho-
logical slowness was found, The patient was discharged,

Control studies conducted in the Neurological Clinic on “ectober
17th indicated = gmall degree of paresis of the right ulnar nerve,
Vitamin B, snd vitamin PP were administered to the patient., After
three days, the patient revmorted to the clinic with comnlaints of
annoying pruritis of the chest skin., A nodular-blistery rash was
foun? on the =kin at the side of the rib cape. The rash went awav
in the course of » few dav> when treatment was discontinued, Anaw
lyzing the course of the disesse, it seemed very probable that the
svmptoms which avnerred in the patient could be ascribed to a sensi-
tivity to drupgs. Tn additional investigationas of treatment from the
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time of injury, it seemed that taking vitamin B, preceded every
appearance of skin changes,

The patient was admitted to the clinic for a second time.
Allergy studies conducted by Dr. K, ?elazowski at the Provincial
Dermatology Clinie indicated a conspicuous positive skin reaction to
vitemin By, With oral administration of two tahlets of vitamin B,
after two hours, pruritis of the rib cage and facial skin apreared
in the patient, as well as rubefaction and peelins of the facial
akin.

DISCUSSION

Vitamin B4 is a universal drug for general use without special
precaution. The frequency of appearance of sensitivity to this drug
is low, But cases sre presented in the literature in which signs of
allergy or even sudden death were observed with intravenous or intra-
muscular injection,

Leitner (4) described two cases: a seven-year-old girl, in
whom a bronchial asthms attack avpeared with eosinophilia, after
injection of vitamin B4j in another case, vitamin Rq caused insomnia,
trembling of the hmnds, herdache, »nd heart palpitation, lLewvws
(according to Teitner (4)) told of a case in which, with the in-
jection of vitamin Bq, swelling of the eyelids and lips apveared,
nettle marks on the entire hodv, and collapse with cyanosis, Mille
(aecording to Leitner) described a case of sudden death after intra-
venous injection of vitamin B4q. 1Ir an autopsy in this case, numerous
extravasations of the soft meninges were found in both henisrheres of
the brain and numerous foci of softening., Barazzone and T.ambelet
(1) described two cases in vhich vitamin B4 injection caused sudden
death.,

In the case described here, vartous strong ~igns appeared with
oral administration of vitamin B4 in small doses. Actually
giving vitamin R4 complex tablets caused a skin rash,
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lepsiwie ues alenia na viitaming B,

(Z Kliniki IWcurologicznej AM w Lublinie; kierownilk: prof. dr wed. W. Stein)

) J‘hnrn Nia Liessiczne s Wy Lo reakeji zachodzg-
. Ul lemind:y ity "ﬂ'wm a preceivecialem, reakeji kto-
x* Bovstaje wsaulck dziclania antygenu. Ilodzaj
' S9plen nasiscin tej reakcji walezy od odzzynowosci
‘IOju, kidra sno? byc 1ozaa; jeSll jest wwiclrza od
bz cintnej wioie daé objowy a]nr'*xczne. Zuamicnne
‘“t to, zc puy wysokxcj odezynowosei alergicznej

Sioju gl nicswoiste budzcc mcgg wywolaé ten
’a‘;’r‘:’d ¥ alergiczny. W wyniku tego obraz schorzen

lcu.vcu bywa rozny.

m:i]hm/gna aler:ticzne ul;ludu..nc~rwowego cechuje

e, ynamicnna dla  alergii  wielopostuciowosé
(:‘J,‘:Wc.v i }‘r/’(bl(‘"'l Odezyn alergiczny moie doty-
N thanki uhladu ofrodkoweso, nerwovs obwodo-
Tk i gpon mozgowo—xdanmowych @, 3).

”‘l’\.,q. y roprcx kas przypedek wydaje sie intere-
“*‘"y 0%, ‘k.u na ctolone, \.,thkowo ci¢zki prze-
% orar zisiany skirne przypuminajace osutice odrowa.

Opis prezypadliu

S.J. 25-1cind,

z podcjracaicra iapalenia mozzu i | SATFRALUEEA
w przebicgu oury.

Chory preed raicsideem dozntd urazu
prZ)tom'm cow o wypadhu drogowyin, Z
mujacych sip Bolow g!n Wy b)} ice

0pon

dni w

o nastepraie w Velewdaskiced ruvchodnt Neuroloo
25.VILIGG) - czul f:l: e wovst 's_\' SN iy D

Qo £horae biractka e

e aczkowag Jdo S

Nej 1 ZYWO-curmrens v avp.
piergiowej. Po 2 duiach cnery
stapily silie bole plow s ocatha te olnior sies Cnor e
stal przyvicty do sypitala provoiatone o0 ot
stapit stun zamrocsenin, wymmdoly, porazenie koo v
stronic lewej, a nastepnic wirita przitomnoccl, Cos
przeslano do kliniki w Lubimie.

W chwili przyvjesia stwicrdsono: chory nicpes
w skorze catego ciuta z2ywoe-crerwona ¢autka
2z punkcikowatvici wrbroceyminni Spojovki oot
ek ocznych noctrzyvknicte, obreghk §osa-adoane toowi
gornej prawej. W narzadach wewvngiionyceh odenyion

RIS AR

(hist. chor. nr 750 69) 2z zawodu kicowe
skicrowany do Itliniki 6.VIILI06Y zo szpitala powiata.c

atowy = oo
DOATOC T
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i

T
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permy nic stw ierdzono. Tetno 118 min, ¢cidn, krwi tetnicze
11020 om Tle. Cieplofa ciala 0. Sutvwnoéé karku na
H palea. lewy fald nosowo-paliczkowy  wygladzony.
Keme - ny orme 1odolte wmesione ki porze opadajg bez-
wiadnie Odruehy plcholic zachowane. Objaw Rabidskic-
p wjemny. Odiuchow brzusanyeh nie udaje sie wywolac,
o eczu  obustronnic bez zmian. Wikonane naklucic
lediwiowe wykarzale niciclkie zmiany zapalne v plynic
mozgowo-rdzeniow i (bialiio -~ 660 mg" -, 1068:3 wiclo-
jad . 16 2 1odnnjadn

W badarmiach dnda‘kowyeh wykonanyeh w tym czasie
(sklad morfologiczny krwi. badanie czolne moczu, OB,

pziom mocanilia i cukru wosurovicy krwi, préby watro-’

owe. edektroforeza bialek surcwicy kirwi, WR) na uwagg
uﬂugu)l jedymie: loukacytoza 35 200, granuloc _\:t(’)w kwa-
soeliicunveh 36% Krwinek plyvtkovyeh 110 080, mm?, czas
krwavienia Ioxrzepniccia krwi s normie.

Radunie Ecz: 2zapis patolagiczny o zmianach uogélnio-
nvek érednicge stopnia, Wyrainyeh zmian ogniskowych
rie stuierdzor.o.

W kilkakcotnvym badaniu kalu. jaj pasozytéw nie znale-
zicno. W wyeinkach 7z micsni tvdki nic stwierdzono abec-
noéei larw frichinclle spirelis. W odcezynic zahamowania

ZAPALENIE MOZGU .

hemaginiynacii przeciweiatl dla kieszezowego zanalema -

mdézgn i pokrewnych nie stwierdzano. Badanie radiolo-
givzne klatii piovsiowej nie wrkazalo zmian. Rty czaszki:
w okolicy koifci poirliczne] widoerne przejasnienia prze-
mawiajace za zmianami pourazewymi. Rig krggostupa
szvjnego bez apian.

Biorac pod uwage osdlny stan chorego. zmiany skdrne
przypominajace osutkg cdrowg ovaz obraz krwi prayjetn,
z¢ srhorzenie jest pochodzenia  telisycznn-alergicznego.
Przecivw odrze przemawiata bardzo wysoka leukocvioza
i znaczne podwyisicnice liczby granuloeytéw kwasochlon-
nvch.

Po 5 dobach leczenia, w czasie kiérych chory otrzymy-
wat po 250 mg hydrokortyzonu doiylnic na debe i sigma-
mveyne cieplota ciala obnizvia «ig do 282, chory zaczg
reatoviaé na preste polecenia. Wociagu nastepinych 2 ty-
grdni ciepleta ciata powrdcila do normy, chory edzyskat
przylomrnes®,  powréelln ruchomosé  koneayn géinych
i delnyoh, steicerdzone tylko czgiciewy nicdowlad {ypu
epastyezrnein koncayn po stronie lewej. Osutika w skorze
tstgoita. Parovne nakuicie l¢diwiowe wykazalo tylko
nicwiclkg nlreuytorg jednojagdrzasty %3, biatko — 66.0
n13Y’.  Zaholicrono  leczenie  hydro:zortyzerem  (chorv
ctrzvmal Igcznie 1565 ) | podawano doastnie enkorfon.
W ¢nin 3.IX. kuracie enkerionemy zokoniczono, chory
otrzymywa! joszeve eontrofencizsin oraz witamine B comp.
Tnezgl chindzié o wlasnyeh silach, utroymywatl eig jeszoze
1ot nicdowiad lieivzva po stionie lewej. Po 2 dniach
Cwystopi) dwilgd siidry calegn clala, na cvatzy § na kon-
czvnach polavila sie plamista-czervona orutka, vwystgnit
olrzek powicl i twoozy. Odawione wezystidie leki i po-
dann fenazoling, ealcion aluconicum cras delsametarnon.
Do typodnin zinia: e clhiegk perviel 1 tearzy ueige
24727 kelc it na joia parodytbw wy-

Scemeté o phsew ladrhicy Chory prochyd humneie
cwenrings WLt po Z-mdesigernyin lecroniu gavic-
¢ tysie niewiellicgo S snia spovooluienie peichicz-
so. Chery aostal voepiaooy do domu,

Racdanio koalrelne vrrevrovadionn v Pezvehodni Slen-
yeTneg Cowslanlo niewiclzicfo stognia
r pPrav0 o s i, Trzepicann cho-
1 Yy iowit % Po 2 dninch ochory gitcit sie
e indai ze o ol Do dotaeriivy seciad ey
% j O itk prrudiimvo-pocie-
i srehv e b KBt opiersiovdj., 1o

doou b o
st nojh ’
oily u el

Lo Po st

1

peoslnosooia Trezenia i ; SR B O
Tatywanie wioainy Iy o Dy bnlderasny wvat,-
pitnie ciinn T onooo

Chorego prayjgto do kiiniXi Po rez drugi. Bagane
alergolagiczne prisprowsdmne prin dr med. ﬂ Zelagow-
skitgo w Wojewoduniej Praychodni Dermuatologicamei wy-
kazate wybitme dodott odcrph SKOTRY na witeming 8B;.
Po dous!ayim in 2 tabieteX Wit By wystapir u 'chs-
rega Y y \o razowo Po zl‘.rvo»‘#mh swigd skdry | lawi pier
Siowei | twarzy omz uiciemwiemenie | Miszcienie sig sko-

fy twa,lyl

PTL

Omowienie

Witumina B, jest lekiem powszechnie stosowan,
na ogol bez specjalnej ostroznosci. Czestede w_vs:gf-_.)'
wania nadwrazliwo$ei na len lek jest stosunizows ,-,‘ B
wielka. Padano jednak w piSmicnnictwie proypad..
w ktorych po wstrzykniceiu dozylnym lub droy.
niowym obhserwowuano objawy uczulenia a nawe: n;: :
ola $miere.

Leitner (1) opisal 2 przypadlki: dziecka 7-le'nies.
u ktdrego po wsirzvknigeiu wit, Iy wystoail 5 1,’1
dychawicy oskrzelowej 2 cozynofilia; w drndim pry.
padku wit. B, wywolata bezsenneic, drzenie ral, bay
glowy i kolatanie serca. Lews (v Loitnorn 2 - »L_,'.\
o prevpadku, w ktorym po wstrepbniceiu wit, L, “‘
stapit obrzek powick 1 warg, poliroywia ma e,
ciele i zapasi¢ z sinica. :

Mille (g Leiinera) o
przypadek naglej dmierei po woivayhnincin dasyln,.
wit. By. Badaniem sekeyinym v oty ooryed
stwierdzono liczne wybroczyny vs oponach iyt
nad obu polkulami mozgu i liezne ognisha rezarie.
nia. Barazzone i Lamtelet (1) opisujy 2 prayp.s
w ktorych wstrzyknizcie wit. By spowoedocato ne-
$micrd. ‘

W opicanym przypadku cigriia objawy v gk
doustnym stosoviiniu witamiay 1) w icl
dawkach; nawvet pedanie iableteh wita
wywolato odezyix skorny.
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A case of lleryic “ncephalibis is described 1n a 26-yeer
-old man following Juril,administrat-‘an of vitamin B,
The course of the disease was extremely cevere ane
eruptions were seen covering the wholg body, it resen -
bled ¢the measles revh hot was “oli‘lovuf by !"a;m\ s,

Allerqolagic invis dgabions showee a sde ‘S1cally .
"?m ‘ tlonbde vitam n B, Everyoral aswm'niy teatlor
vitam in By fhiels eqow tching ©Ff the cheost sk 'n .
erythemm and ltah’n’o( he shdsF Sk,
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Hydrolytic Cleavage of Thiamine in Mammalian Animals

The metabolic fate of thiamine has been studied in various species of animals, but
relatively little is known of how it is metabolized in the mammalian body. Verrett,
« al.” reported that oral and parenteral routes of administration did not make great
differences in the metabolic pattern of *S-thiamine in rabbits.

The results of the present study showed that the metabolic pattern of *S-thiamine
in rats was remarkably different between oral and parenteral routes of administration.
Fenade Wistor rats weighing 150~ log. were used.  They were housed in cages con-
structed te permit the separate colloction of urine and feces.  “S-Thiamine with a
specitic sotivity of Zope/my, was prepared from C*S, according to the procedure of
Matsuhawa .\ dose of 0.2 of *S-thiamine was administered orally and intra-
venously.  Twenty Dur hour urine specimens were collected - in glass bottles.  For
separation ol the urinary metabolites, paper chromatography was employed. A part.
of Lo peold uiine was spotted on Tove filter paper No. 51 and developed with u-
butanol -acetie acid-waterid: 1:5, vivy, Radionctive scanning of paper chromatograms
was accompushed by dividing the chromatograms in 10 mm. segments, extracting each
scement with distilled water and eounting S radioactivity of cach extract in a window-
fese as low counter. "No attempt was made to correct for recovery of the radioac-
tivity from chromatograms and sample absorption in extracts.  Scintillation counting
was uscd to determine the recovery of the administered radioactivity from the urine.
TLe pereentages o *S radioactivity in urine represented by radioactive metabolites of
S thiamine are indicated in Table I.

AL Veret, TR Cererede t Prae. Soe, Exp. Med. Biol., 98, 509 (1958).
20T Matsakawa, VLo bwasn o Yakoeahn Zasshi, 70, 28 (1950).
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From data in Table I, it is evident that thc mectabolic pattern of 5 thinmine is
considerably different between oral and parentcral routes of administration.  The Rf
value of authentic *S-thlamine is 0.24, and hence most of the radioactivity in peuk
no. 2 are considered to be unchanged *S-thiaminc. When **S-thiamine was injected
intravenously, 85.5% of the excreted radioactivity ocvcurred in the arca corresponding Lo
thiamine, as shown in Table [. This datum is in agrecment with the result of lacono
et al.” that approximately 60% of the excreted radionctivity occurred in the thinmin
area when MC-thiamine was injected intraperitoncally into rats. On the other hand.
when ¥S-thiamine was administered orally, only 6.5 of the excereted radicactivity was
observed in the thiamine area, and 81.0% was found in the area correspanding to Rf
value of 0.80~0,90. Since the Rf value of the unknown -compound was high, it was
assumed that this compound might have high lipid-selubility.

When the urine of rats receiving 10 mg of "S-thiamine was extracted with chloro
form, it was found that more than 704 of the excroted radioactivity was transferyed
into chloroform layer. The extract did not iluoresce when treated with potassinm
ferricyanide, which converts thiamine and thiaminc derivitives into their correspond
ing thiochrome derivatives, whereas it colored when treated with Dragendorff's reagent.
These facts led to an assumption that the unknown compound in peak no, 6 might be
thiazole molety of thiamine.

Thiazole molety of thiamine has been reported to vccur in rat and rabbit urine by
several groupe of workers.»*"® Recently, Ogawa® described that +-methyl-53-hydroxy
ethylthiasole (HT) could be identified in rabbit urine by paper chromatography.  There
fore, HT was prepared from thiamine according to the procedurce of Matsukawa,” and
chromatographed in a-butanol-acetic acid-water (4:1:5, v/vi, along with the chloroform
extract of rat urine. As a result, its Rf value was identical to that of the unknown
compound. The range of Rf values obtained with the unknown compound and with
HT in 3 solvent systems is shown in Tablc I.  To ascertain the unknown compound
from urine to be HT, isotope dilution method was applied.

The experimental details are as follows: The pooled urine was concentrated in
vacuo and then extracted with alcohol. To the alcohol solution was added 100 mg. of
non-labeled HT and the solvent was evaporatcd. The residuc was cxtracted with dry
chloroform and the chloroform layer was extracted with N/10 hydrochloric acid.  The
aqueous solution was adjusted to pH 9.0 with N aqueous ainmonia and then extracted
with chloroform. The chloroform layer was dried over sodium sulfate and the solvent
was evaporated. The residue was dissolved in 2ml. of alcohol, and to alcohol solution
was added the alcohol solution containing 300 mg. of picric acid. The crystallized picrate
was recrystallized from alcohol and then from hot water. Specific activity of cach
picrate was determined. As the results, specific activities of first, sccond and third
picrates were 9400 ¢.p.m./mg., 9200 c.p.m./mg., and 9150 c.p.m./mg., respectively. The <) yht
decrease in specific activity was thought to be due to the presence of non-ruadivactive
other picrate. From these data above described, it is cvident that s HI o cueretidd
in rat urine after oral administration of ¥S-thiamine. T'his componnd, waich s newr
to be a product of the action of a specific bacterial thiaminasc.® —vould be gencrated
by hydrolytic cleavage of the covalent bond between the methylene bridge and thiazole

3) 1M Taconw, B.C. Johnson @ J. Am. Chem. Soc., 79, o321 (1957,

H T, McCarthy, LR, Cerecedo, E.V. Brown : ], Biol. Cheni., 209, ¢ 11 (1451,
5) ‘T. Suhara, N. Iritani: 'J. Vitaminol., 8, 128 (1962,

6)'R. Ogawa : Vitamins, 33, 318 (1966).

7) T. Mutsukawa, S. Yurugi : Yakugaku Zusshi, 71, 2371951

A) A. Fujita, Y. Nose, K. Kuratani: J. Vitaminol., 1, 1 (195h.
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ring. The occarrence of the pyrimidine moicty of thiamine in urine has been re-
ported. Kawasaki, ¢f «/.* isolated 2 methyl 4 amino-3-hydroxymethylpyrimidine (HMP)
from human nrinc alter giving large doses of thiamine to test subjects, © Neal, of ol
reported that 2 wethy! | amine O pyvrimidinccarboxylic acid, an oxidation product of
HMP. was found in the wurine of rats receiving "C-thiamine, The marked difference
in metaholic pattern of S thinmine brought about by different routes of administra-
tion suggests that formation of H'l' {from thiamine occurs in the gut. A few percent
of ¥S-HI" was dctecled in rat urine even after parenteral administration of *S-thia.
minc, as shown in Table I.  This may bc explained by taking account of the fact

Tasee I. Percentage of S Radioactivity in Rat Urine Present as Radioactive
Metabolites after Oral and Parenteral Administration of #S-Thiamine

Oral admin. Intravenous injection

Peak No. Rf valuc Corresponding compound &) (%) () (%)
1 0,0 ~n 15 thiamine phosphates®) 1.5 25.5
. 0.2050,.30 thi.unine 6.5 60.5
3 0,350,145 thicchrome® 0.5 1.5
4 1, G0 060 0.5 Lo
5 0.6~ 0. 7h 7.0 2.0
4,

[ (1, St (L 90 HT B4.0

Values (n parentheses indicate number of experiments.
#) Rf values of authentic thiamine monophosphate and thiamine diphosphate are 0.10 and 0.06, respectively.
b) Rf value of thiochrome is 0.40,

(421

that the injected thiamine is secreted into the gut lumen.!v

Since it is known that bacterial thiaminase occurs in the gut, there is a possibility
that HT may be produced microbiologically.

However, Neal, o/ al.'" described that this possibility would have to be excluded,
since even in the urine of germ-free rats the presence of 2-methyl-4-amino-5-pyrimi-
dinecarboxylic acid was demonstrated. The results of chromatographic analyses of
the radioactivity in portal venous blood, intestinal wall, liver and kidney one hour
after oral administation of *$-thiamine are shown in Table ll. The percentage of

Tase 0. Range of Rf Values for the Unknown Compound and for
1 Methvl-55-hyvdroxyerthylthiazole (HT) in Various Systems

Rf values
Solvent svsiem T e,
Unknown compound HT
a-butan. |l acetic acid-wate: 1:1:5, viv 0. 83 -0, 83 0. 83~0. 85
i propanol water-acetate buffer pH 5 63:20:15, v/v) 0, 90~0, 94 0.92

n-butan d satu-ated with water 0.33~0.36 0.35

\
"S$-HT in portal venous blood was the highest and that in intestinal wall was the
lowest.  This also indicates that only in the gut HT is formed from thiamine and
suggests that the transpert of HT from intestinal wall into portal blood takes place
extremely rapidly as comipared to that of thiamine.

¢ 1. Rawasaki, Ko Okada @ Vieamr s, 13, 351 (196 1.
10 RN Neall WONL Pear- v | Nuuttion, 83, 051 (1964).,
1B Gacmaer, 1LY Koter Diwhem. 7, 334, 235 1941
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Tasus M. Percentage of ®3 Radicactivity v Blood. [ntestingl Woll, Liver
and Kidnev Present as Radiouctivc Mekabolites Qne Hour
after Ural Advinistration 1 ¥ Thamwe

o R L e -
Portgl blood  [ntestiunt wall Liver Kidwe

Rf value (0.18% /mL) (22%/2) (0.24/q) (059 %/;.)
(%) (96 (%) (%)
0.0 ~0,15 4.0 16. 0 i85 15
0. 20~0. 30 (thiamine) 5.0 5.5 12.0 30
0.35~0. 45 2.0 1.5 O 1.0

0. 50~0. 60 1L.O 0 4]
0. 656~0.75 6.0 0 26.9 iq0
0.80~0.90 (HT» 20 %. ¢ Qs 7.5
Values in pareatheses indicate pereent recovery of s coed nadionetivigy, Y
fon o nintals

percentages in four columne indicate the mean vatues of

To know whether the hydrolytic cleavage of thuntine cecurs in other nammalian
animals, the similar experiments were made with adult guinen pi, mouse and rabbit,
As shown in Table N, it was found that S Il was exercted in the urine of all of
the animals studied. However, percentages of *'S 1L in the urine of these animals
were smaller than that in rat urine. The excretion of S radivactivity and unchanged
wg-thiamine in urine 24 hours after oral administration of S thiumine is shown in
Table V. Percent recovery of the administered radioactivity was the hiphest inorvat

Taswe N. Percentage of “S Redivactivity in Mrine of Moaonmahian Anignds oo
as Radioactive Mctabolites after Oral Admim tration ol ="~ Thianune

: Corresponding Rabbit Mouse Gitinea pig
Rf value compound (2, «,, 2o R
0.0 ~0.15 thiamine phosphates 0.0 wot YI
0. 20~0. 30 thiamine 0.7 11N i
0, 35~0. 45 thiochrome 3.5 7 (Y
0. 50~10. 60 S8 ot G
0.65~0.75 6.3 187 R
0. 80~0, 90 HT 370 LN EUn
Values in parenthescs indicate number ol experiments,
Tantg V. Excretion of 38 Radioactivity and = Uhigmme an ome or Mammalion
Animials 24 Hours after Oval Administration ol %S Fhianine
Animal No: of Admin. dose  Recvery of 280 Recovers of 8 tl.n Lo
exp. (R, animaly Coot adnin, S Cof adian, TN
Rat 6 2 AT P
Guinea pig 4 e 9,8 toot
Rabbit 2 200 0,5 i
Mouse 2 B 2o I <n
<Y Values in this column were obtained hy multinlying the jercontage  f to 1ok Wity
the arca of RE value N2050.30). which wo- ~howe in Foil b oand b Lyt PYNE
total rudiomctivity in the vrine, which was shoan in e - U ble
and the lowest in guinea pig. When one coinpar . the prreont reeover. of the tetnd

radivactivity and uncharged S thiamine in rat with that ir
same dose of -'S-thiaminc, one finds that the total radioactis
is gix times as high as that in guinca pig urinc nithough t

vainci niy peco g the
by oexereled inorat gnine
he amount of (nchanged
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%S thiamine in rat urine is similar to that in guinea pig urine. This is apparently
due to the fact that more than 804 of the radioactivity excreted in rat urinc is present
as “*S-HT whereas in guinca pig urine only about 204 is %S HT. This, in turn, indi-
cates that the hydrolytic cleavage of thiamine occurs much more actively in rat than
in guinea pig. It should be noted that only about 49, of the administered *S-thiamine
was cxcreted as nnchanged *S-thiamine in rat and guinea pig urine within 24 hours
when a dosc of 200 pg. of ®S-thiamine was orally administercd.

This data approximately agrce with the report of Fukutomi' that 5% of the
administered thiaminc was excreted in rat urine within 5 days when 500 pg. of thia
mine was orally administered for 4 days. To krnow whether or not bacterial thiaminasc
takes part in hydrolytic cleavage of thiamine in rat, further cxperiments are now in
Progress.

The anthors wish to express their deep gratitude to Dr. K. Abe, Director of this Research Laboratory
for his interest and encourageinent throughout this work.

Biologiculb Rescarch Laboratory, Teruhiko Meshi (% ®E)

Tanabe Pharmaceutical Co., Ltd., Yoshishige Sa
Toda-cho. Nitaadati-gun, Suitama s & to (fEMRID

Reccived August 11, 1966

12) H. Fukutomi: Vitamins, 33, 151 (19667,



i

wrv v ala AM. _Mad. Assn. 1162 210)..

'Gnrnmnucc |

- THIAMINE OVERDOBAGE AND TOXICITY
- To the Editor:—The use of thiamine hydrochloride, through
bith lay and medical chanuels, kas reached large proportions,
With inferemtial evidence only regirdiig tuman requirements
for the maintenance of good hralth, and without any published
evidénve of toxicity, the tendency has been toward an intake
well above established deficioncy Jevels. Wiltisms and his
pciotss (Willlams, R. D.; Masou, H. L.; Wilder, R. M., and
Smith, B. F.: Observations on Induced Thiamine Deficiency
in Man, Arok. Int. Med. @8:785 [Oct] 1940) showed that
definite deficiency symptoms would develop in otherwise normal
adults kept on a daily intake of 0.15 mg. for several months,
while it is generally presunied that 2 to 3 mg. duily will cover
the noemal adult noeds in health. Little evidence has been
prepdnted, however, to show just how much the daily intake
need be incroased in patients suffering from long-standing defi-
ciency. ‘Here again the tendency has heen toward the use of
largu doses, with a daily intike many tiines the normal require-
ment, Such therapy can reasonably be based only on a clearly

Mbliished nomtoxicity and on - evidence that such excessive
dosage carries therapputic benefits not obtained by dosages
dows newrer the normal refuirement. Neither of these bases
has yét been satisfactarily established by published data.

I Awgust 1940 1 observed an omset of definite taxicity in a

Cinkisnati woman aged 47 who had been taking 10 Gm. of -

thiamine hydrothloride daily for two and one-half weeks. The
symploms resembled those of overdasage with thyroid extract
—hesiliache, increased irritability, insommia, rapid pulse, weak-
ness and trembling—and cleared up within two days after
- adeaistoation of . thiamine hydeochloride was discontinued,
After one week's rest the patient began taking 5 mg. of thia-
mine. hydrochloride dally and after four and one-half weeks
at this intake level the same toxic syndrome recurred.
Prompt relief again_ followed cessation of the intake of thia-
mint hydrocklotide. : ,
Dutlng a retent visit to Panama, I observed other patienis
with thimnine toxicity. Liberal doscs (20 to 40 mg. of thia-
mine Wydrachloride daily). are often prescribed by physicians
in traplcsl climates in an effort to overcome the physical let-
down ‘which s0 commonly sfllicts persons migraiing there from
cooler regions. One young woman, receiving an average of
17 wmg. daily, was excreting 12 mg. daily in her urine and
passing stools smelling strangly of thiamine hydrochloride.
She wins showing symptoms similar to those of thyroid hyper-
“activity, with fine and coarse muscle tremor. rapid pulse and
1o ible nefvous hyperirritability. Several other similar cases
of tomicity were reported to me after attention had been drawn
to the type of toxic symptoms one might expect from over-
dosage. Cessation of the administration of thiamine hydro-
chloride was fullowed in each such case by prompt subsidence
of the hyperthyroid-like symiptoms. A detailed report of a
series #f these instances of overdosage will soon be offered for
publitsition by Dr, F. A. Raymond of the Panama Hospital.
Just why no reperts of thlamine toxicity have appeared in
medical literature is difficult to understand, for the vitamin has
been widely used at daily istake leve!s of 10 to 50 mg. in
trestint. of deficiency states. Prevalence of toxic reactions
in the tropics (or in Cincinmati's August heat) may be related
e to wmoee wideapread multiple deficiencies for the B vitamins at
the high covironmental tempemtures, In cases of multiple def-
cloncy it bas ben shown that uniayerable
adudilitration of & single one of We lncking elements (Mor-
san, Agnes Fay: The Effect of ] : '
Fraction' of the Vitamin B Complex in Dogs, Science 98:261
. (Mar¢h 14] 1941). Studies: on’rats ity my laborstory (Mills,
C. A.: Enviromental Temperatures and Thiamine Require-

. blood - level and excretion rate studics.

Ml 1s-141
1941, Blb No. 2544

ments, Am. J. Physiol,, #o be published) have shown thiamine
{and pantothenic acid) péquirements per gram of food to be
decidedly higher for amimals kept at 90 F. than at 65 F.
environmental temperamw &t may perhaps be the greater
prevalence of multiple Geficieacy in regions of tropical hext
that has led to the unfavorable results of high thiamine do-apc
in Pm Lower requirement per gram of fuod in’ tem-
perate. some coolness mamy  have prevented similar evidences
of unfuvorable "reactions froen appearing At more noithern
latitudes,

Recognition of symptoms of overdusage at once necessitates
more adequate information as to actual thiamine necds under
various conditions. Such information can be ohtaitd only by
Addition of thiamine
hydrochloride to bread and other commonly used foods, with-
out control over the intake level, also carries a potentiality. of
hatm. This is particularly true in those stimulating  wmiddle
terperate regions where hyperthyroidism and other forms of
metabolic disturbance are already prone to vecur. The medical
profession should recognize the need for preater conservatism
in the use of this important vitamin, and its distribution throuath
both mommvedical und meilical. channels should be placed on a
more scientific and controlled Basia.

Cuamexce A. Mrnis, ALD., Cincinnati,
Professor of Experimental Medicine, University
+ - of Cincinuati College of Medicine.
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VITAMINS A8 PHARMACOIOGICAL AGENTS
T HANS MOLITOR

Merck Institute for Therapeutic Rescarch, Ruhway, N. J.

A diseussion of vitamins as pharmacological
Sgents appenrs at first 10 be a rather uninterosting
.sinoe in comparison with other

patent Miel these substances fail to produee
sonapleuous pharmacodynamic effects. Inideed,
the renge betweon the therapeutic and the lothal
dose is so wide, that one might feel justifisd to
blaco vilamine In the same category as sald,
sagar, or ‘other basio food elements which are
edeential from the nutritional viewpoint, but

Wlntmdly inert in the pharmacological sense.

Wowover, such sn opinion  would he erromeous
since vilamitia are pharmacologically quite aotive,

providod they are investignted in animals suffer-
ing from a apecific vitanin defiviency.

The fact that a drug, in order to exhibit its
pharmarcodynumic effect, has to he tesled under
certain pathological comditions, is not unusunl.
Antipyrotics, spasmolytics and analgesies may
be eited ax other examples.  However, while the
pathologicn) condition wecersary for dewmonstrat -
ing the cffect of these drugs may be produced in
a variety of ways, a vitamin aflects only those
conditions which result, from a deficicuey of that.
particulnr agent; in this respect, vitaming resem-
ble in their therapeutic specificity the immune sera
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or antituxing.  Failure to recognizo this aceounts According to Porls (3), this toxicity is due to
not anly for o large number of Hi-founded thern-  relative lack of mangancse in the diet and ean be
peutie claims, bt nlwo for many of the disap-  prevented by addition of traces of this elempnt.
pointments of vitamin therapy and the wkepticism  Thus, ordianrily innccuous doses of  vitamine
originating therefrom. may become harmful umler ecortain eonditions.
1t can readily be'seen, that o dissussion of vita-  Unfortunataly, not much experimental. data is
ming an plunrmmmkmwut agents muat distinguish  as yot available to elaborato on: this point. V.
“hetween thoir effect in tho normial and in the  A. Drill (4) roported, that hyperthyroid female
vitnmin deficiont amimal. In normal animals  rats, which had Jost weight onit were stilll receiving -
their asetion is rather unspecifie and pharmaco-  a thyreid preparation, regained their weight when
dynamic offects are produged only by doses several  both thiamin and vitamin B complax were admin-
thoveand times largor than those needed for a8  istered; and Sure and Baith (8) found thas in
therapeutie effect (table 1). such animaln the weight loss could be retardod by
‘The only vitamim which produces a distinet administration of & potent vitamin B ouncentrate,
phermaenlogie effebt even in tlmraprum doses, is  In & later paper, Surc and Buchanan (0) state
nicotinic weid.  Etw administration is Jollowod in  that puro thinmin in daily dosce-of 30 Lo 100 micro-
humans by 8 trangitory peripheral vasodilatation. grams counteracts the tosic eRects of 0.3 mgm.
However, this cffcet cannnt be aseribed to its  thyroxine daily. Im our Ilboumrr we lum >

nature as & vitamio, since it {niln to ocour on tho )
administration of nicotinamide, which is eqmlly . ¥ S
cffcotive ns 1 vithmin, o o

TABLE 1 P R oy z o
Lathal desss of B witaming @0 compared i i dodly roquivement &1 ! v L .\’

3

T
i
¢
»
.

mostyas: | L0 8
SHICHEM ] poumuEnt | oAt

‘;'i—;nll ...... mmwe | 3y 100 mam ::
Riboflavia . ....... moves | By >7 mgm. v
Nidrtinic achd... .. .. thg ':-:l -y} >: 4 _ b
rifdoping. . i rat. gram ' . . ¥
::nbtlf:dhmm Ljeat (MR >3 grmmt [0 P . ® ““}‘ ‘l ll} u ?
— - o—— [ T SRS S : “ -
Rl bty s Fig. 1. Effect of thumhn on !m'bt q‘d o

* Per 10t (008 qrasm bocdy welake). consumption of byperihyrold rats, ... 00 by
With therapeutic margine of from 1: 1000 upward, indieates the average welght. Cugves rcpteunt {
the dunger of écnic toxicity is ebvinusly of Wt’ the averhges- of & group of 4 rats. AN animals ',
_ minor concern to pmuiuul vitamin therapy. The roceived: 0.25 mgm,’ t!uwoxiu and those rep- .
question of chromic toxicity deserves more alten- resontod in the. lower curve reocived 2 mgm.
tiun since vitamins, due to their nature as nuteri-  thiamin llydrochlnrldo at tlp pojny indiuhd . 4
tional factors, arc likely to ho taken over a pro- 4
longed poriod of time and without supervision investigated the nnﬂuencu of hypcrtbyroldnm nn'
by o physician. Fortunately, all information the toxioity of very large dones of thismin. Rats
prosently availablo indicates that the danger of  wero given daily doses of thyroxine and simulta-.
chronic  hypervitaminosis is practically non-  noously, or after ostablishment of & hyperthyroid .
existent. Daily fectling of up to several hundred  gtato, large amounts of thinmin' were adminia-
times the muinicnance dosow of thismin, ribo- tered. In addition (o daily dotermination of the
fiavin, pyridoxine, nientinic acid amd pantothenle axygen conauisption and hody weight frequent -
acitl avor tho entire life apan of rate fails to pro- rocords wore taken of tho heart and respiratory
duro toxic offects. Mowevor, since patholugie rato and the body temporature. Although mor:
chasiges resulting from prolonged administrstion  than 200 rats woremascd in these exportments, the
of large dosss of vitamine may beoome mahifest normal and hyperthyrootle rata, did not differ -
only in the second geneention,. toxiclty exporie dpam«mllylntheir sonsitivity to thiamin (fig. 1).
mentx should be extemied beyond the firat geneen- .~ A question of practienl importance Ia whethee nn
tion. Thus, Perln (1) has shown that in rats’  imbalance in & combination of vitaming mny Jead
prolonged admiuistration of thinmin causes in  to toxic eflcota which are not oheerved.if the |
the third generation lows of maternal instinot and « vitamine are given in their naturally oocurring |
intarforce with lacintion; Sure (2) has mado simi- * mutunl relationship, . TFhis problem has ottpined
lar cbeervations we. gbtained such nudlm . pavtioulir prominonee sinto the varichment of !
i memﬂmnnt hndudihuimmthm louds with wlve(cd mumbou of tho. vlt't{mn B
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rmnwlﬂl o Decomo an minhed practive,

" abihongh oven those invostigators who believe in
' the pesmibitity: of an incressrd vitamin toxieity
due to imbialeneo have slways emphasised, that
* this dnger does not oxisd. for the relatively mi-
pute quantitisnof vicamine ineorpornted into flour,
preait or otho foodtuffs. Tho only published
rimental dnta indicating an adverse offect
of vitamin imbslonee are those of A, F. Morgan
@), who showod that dogs sufforing from a ¢om-
. pined micotinie acid nnd puntothenic neid defi-
chanoy livod: longer than those on nicotinie acid
or pantothenic acid doficiency alone.
. Inour laboratory the offoct of pantothenic acid
or ribofiavin was studied in adult dogs during o
combined  pautothenie neid-riboflavin deficiency
(tablo 2). No inerense in toxicity of cither
vitamin was found in these conditions. Whether
the dogs wiers on the ecombined deficioney or anly
on Hbofvin deficiency, the sume lougth of time

TABLE 2
Progrese of deplelion symigbems in ribofisvin and riboflavin-

P — e

BRINOYLAVIN EXCRETION IN
. . ] ¥/34 sove
i | oemcimecy ig e
] Iat | 1Sth | 22ud | 28th | 29th
i : 1wk | woek | week [ week | week
woeks
"1 | Ribnfiavin nin|s (]
118 | RiboBavin t JEEE S ERT N [
M8 | Riboflavin and | 30 [ 176 | 2 7| n 1
Pantothoule .
.| Aed
U8 | Ribollavinand | 22 | 97 | 13 ]| &
i Pamietbanie
| Aod .

was required to produse collapse and the precol-
iapee lavel of riboBlavin in the urine was essentinily
the same in both groups.
It han “been reported ‘that during a multiple
- deficicney onrrection of only one component tends
"o aggravate the sympioms of the other deficien-
&cles, Bydenstrickor (8), Spies and others de-
- oeribed the development of nicotinic acid and
.riboflavia deficiency symptonis in sub-acute
danes. of pollagrs teeated only with thiamin.
GySegy (9), Chiok (10) and Harria (11) havo shown
"What in rats maintained on diets deficient in both
. Miboflavin and vitamin B., the dermatitis charac-
ariatio of $he lack of the latter does not become
r:lﬁeﬁhmﬂl riboflavin is supplied. Daft and
Sebire]) :(12), :and ‘Lepkevsky, Jukes and Krause
%“,3 bove Wade sieallar obeervations on the ap-
E_P"MW' of pnatothenie acid deficiency lesiona
118 Ints deficient both in pantothenie acid and
vigloxine, . Howewer, suck obwervations must
shu el a: ovidence for.an

wlverse effect of a vitamin imbalaper fuean o
they may mercly indiente that mome defivien: vx
require more time for dovebopment Chag ofleer<,
time which is provided in these expriments
thirough the cure of that. deficiency whieh oeearrd
firat.

In n series of experiments. undertahen in our
Inborntory, the effeet of prolonged dministra
tion of large doses of single vitamins of the B
group on the conrse of mulliple deficiencies wis
investignted, There was po indieation of an
increased  toxicity  (14), Bimilarly, we  have
been unable to demonstrate a greater toxieity of
thinmin in animals  suffering  from  riboflavin
deficicney (table 3).

Ar with other medicinnl agents, the qnestion of

_optimnl dosage, moat effoetive’ snicing and pro.

ferred way of ndmivistration desorves el
conrideration. :

Tt appears advisable to distinguisk hetween a
maintengnce dose, sufficient to provide an ade-
quate supply of the vitamin in a non depleted
organism and n curative dose, necessary to restore

TABLE 1
Aénte tosieity of thiamine in normal and riboflarin deficiont rate

MODE, 0F ‘ NORMAL NATS IIM'LAVII:II:MN(JE‘NT
ADMINIS-
TRATION e 1 - .
LD.¢ L.1. 50 LD.e | LD.so
wem.Skem. | mam./kgm. | mgm./hgm. ! nxu./i;-.-
8.C. 800 1400 >80 1500
0. %000 p%00 o000 wo

to normal o vitamin deploted animal.  Obvivusly,
the ourative dose is usually much larger than the
maintenasice doso, making it ndvisable to admin:
ister the vitamin in its pure form and, quite
frequently, by parenteral injection.

Contrasted to this strictly medicinal uso is the

-equally essontial use of vitamine for the mainte-

nance of dietary balanen. The doses required
for this purpose aro much smaller than those
nocded for therapy and csn bo supplicd through o
carefully selected diet or specially prepared and
enriched foodstuffs. .

Bince there is practically no danger of over-
dosing with any of the viiamins, the principal
pointa of interest arc those related to absorption,
storage and excretion as they have a direct bear-
ing un the mode of administration. The various
groups of vitamins differ greatly in these properties.
Generally speaking, the fat soluble vitamins A
and D are stored to a greater extent than the
water soluble vitamins BB and C. This influcnces
not only the rapidity with which deficieucies may
develop, but also the efficicncy of different modcs
of administration. '
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As with other medicinal agents, the avanilability

of a vitamin (o the orgnnism is detormined by the

extent ta which it may by stored, abworhed, de-
stroyed wnd exeretod.  Sinee all of thown faotors
are closcly intorrelated, sonclusions which nre
baged on only one of (hem mwnat be deawn with
Kreat reservation,  ‘Thuas, the differenee between
the dose administorad and exeroted i not. necos-
sarily an indication of tho basie roguirement.  For

example, of a ilose of 10 microgrmms of panto- -

thenie aeid given to o rat, 7 micrograms were
exereted.  However, when 280 misrograms were
given only 67 were excreted apd with 3900 micro-
grams only 600 micrograma eould he found in the
urive.  On the basis of these findings, the require-
ment weuld appear to he 03, 183 and 2400 micro-
grama reapectively, while astuslly it ia about 100
micrograma.  The differeticn in  the foregoing
. Andlings must -be ettribited cither ta storage,
non-nhaneption or dostrugtion; an a rule each of
these fuctorn piayn & rdle. '

TARLE 4

ral wmd i toxicsly of B »ih in rafs

INTRA-

s, | resoen
o " amfhgm.
Thinmin ... '
Ribollavin. .. . more than 10
Nicatinaamide. 2 3.5
Pyridunine .. ). 5.5
Parstotheede acid ... 0.55% | mare then 10

* Welgaud, Fekter and Chen, Pros, Koc. xp. Biud, & Mod., &,

147, 1908 :

Vitamine being esscntinl food clements, they
can obviously he effectively administcred by
mouth. However, under certain pathologienl

conditions, such as saverc gastro-intestinal dis- -

turbances, their absorption may be greatly de.
layed ar evon complotely absont and in theso
cusca prirontoral athministration is indicated.
Administention of vitamins hy other than the
peroral routo influencos the rolative toxicity as
woll as the offiescy. As with most other drugs,
the acute intravenous Loxieity is genorsily eon-
sidlorably greitor than the suboutnngous, and in
turn, the peroral (table 4). Furthormore, the
intravenoun toxicity depends much upon the rate
of injection (table B). Whather the: intrasenons
or swbculamsons administralion of a vitamin is
* therapoutioally more effeclive than its peroral
administration depends upon severnl factors of

which absosption from the gastroiatestinal tract .
., takos place very rapidly, providod the ahsorption

* from the gastro-Intestinal traet iu still normel.

is only one. Intravemous injection produces not
anly (though temporarily) & much highor concen-
. tration of the vitamin in the » bus probably

alos Jn the tauos. Thus, in

coe . F O O S SR

yonous injootion’

RS AR
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of 4 mgm. por kgm. of riboflavin 10 doga iy,
form of its sodium ealt raiges the Mood Jovi] 15 1
2) times above that obtained by foeding an g
does by mouth; and the rboflavin content in g,
liver of rats inereased fromi 35 micrograme pet
&ram to 100 micrograms per gram after a dome of
85010 mgm. per kym. '

The fact that parentorsl administeaiion can
raise the concentration of a vitamin in the oo
and tissuea far nbove that obtainable by feeding
of even the largest doses may cxplain certain
therapsutic mucossscs obtained by cliniciany
through parenteral administration of relatively
enormous doses of vitamins. Farthermore, wig),

] TABLE §
Infuence of rate of injection on intravenous thoaming
taxiosly
w0, 60 | voLuus | Taartow | BarE o -
N v
Bost | mass [iwpmcran | or . |msmerion st
. LoN
1::'./ ce. pav cont | ec./min.
» 10 o | on 0.1 1
. ] 0.5 0.712 0.3 [}
» 0 o3 | on (X r
EFPOST OF L\ BNEOTION OF
I o .
PIE TR -
s

-
rd .
. -v!"’ - ’. v
) "

o
Fig. 3. Effect of inmnholulilnjop'tion of vite- |
min B,, s o e
t.hf« mode of administration the phnmlwdy" ;
dynamic effect ba likely to take place with "'"§
rapiddity. Thus, the effest of thismin on: hysdy- i
cardis duo o dellviency of this: vitamin esabs
observed within lees than 1 hour (fg. 3. Bt \
more dramatio is the lfs-eaving effect of intrs-
venously injeoted vitaming to animale ju collape i
from pantothenie acid or ‘riboflavin deticiency or
o beriberi patients saffering from scute cardiot |

~ decompensstion. However, aven when gives by

moulh, the therapeutia effoct of moet vitamine |

 While .onrtain thorapeutio offents may bo mete (.
readily ;. ashioved i by yperentersl, pmm.’?

i
1)
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N. 3. Urinary oxesstion uf pantothenic acid in
m sad adult dags during depletion.

v hMﬂmMmhrconmﬁm

- willy this was not shesirved in any of the contruls.
‘T owlousite of the guines pig experisents was
i comolusive.

. Normal o well ss dopleted animals cxcrete a
Mﬁl smsunt of the sdministercd witamin
the urine. fkoll\ she l(hlohuo amount

: b petventage of exorotion (with or without

. Mhuolamdom)hanlmn weod 1o &
‘mieate of Lhe ststc of mintive saturation and

- windiontor of the degree of dpficiency. It is in
the urine, where Lhe first sign of vitamin depletion

_ 5% tevally be found (fig. 3). However, it must
be remembered, that without the use of & test
doge the uringry level may merely be & mensure
o the imimediately preceding vitamin intake.

- Inorder o be significant, auch “saturstion tests’

therelore be condueted in {apting animals

@t after administrntion of o test dase.
Ia contrast to the wide fluctuations in the vita-
tontent of the urine, the concentration in the

- remaing weually remarkably constant and

- %h determinations offér therclore little help in
th dingnugis of estly vlhmln dolohnenl

mm.n.\'nou PROUKE: umns
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b"““m lmthh,tﬁl pm«dm ll'cmml "t White t,luo differcnce betweon the smouni nf o

vitamin adminislercd and exoreted is not neces-

" sanily an indlcator of the mainienance dase, it vun
‘navertheless sorva nan guitle for the detormination

of ‘the appropriato fherapewntéc dome. This is

- ahown in the following experiment, in which the
" aimne dose of paatothenic neid way duily given to

pentothonie aeld depleted doge snd ite urinary
exgrotion determined. It may be seen that at
loadt 4. to 10 timos tho maintenande dosc (pre-
viously determined in aotual feuding experiments)
had to b givan over & perlod of 1 4o 3 weeks until
saturation was accomplished, This sgain ompha-
sizns the justification for apparently exeossive
vitamin doses in cancs of advanced defleiencics.
Other fnctors which mny considerably affect
the dosage of vitamine nre dict nnd age. For ex-
amplo, thinmin is neecasnry for thie utitisation of
carbohydrates and cusscquontly lnrger doses are
needed when the carbohydente intske s high.

bk oot ko b f dd b d bk L
%S T e . ) -
P )

Fig. 4. Intluence of age on puntothenic acid

requirément. indicates  when. groups were
changed from full dict to deplotion dict.  indi-

" omten dedth of 80 per cont of the animnals in group.

Similarly, it has been reported that the rat re-
quirement for riboflavin or pyridoxine increases
when n high Int dict is given.

‘Tho influenco of age upon vitamin requircments
depends upon the speeific vitamin studied.  Gen-
erally, a growing organism requires relatively
Jarger amounts than an aduit. This is particu-
Yurly true for pantothenie neid where with increas-
ing age n striking decreare takes place not ‘only
in the. relative, but also in the absolute require-
ment (15) (8g. 4).

In the preceding paragraphs the general toxicity
of vitaming and their absorption, storage and ex-
cration have been discussed, but nothing has s
yet been said abont their pharmacodynamic
propertics.  ‘The reason for this is that in healthy
animals vitamius in doges below the toxie range
fail to exhibit such effects. Nevertheless, in a
vitamin depleted " animal they mre cupable of
restoring. to pormal the pathologieal changes
caused by lack of a specific vitamin and vnder
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“stieh comnslivens they esmpare in potency favor.
Ably with the most puwerfiul medicinal agents,
having & markedd vffeet in doses within the milli-
TN PR, ’ :

Phe lugh speeifieity of vitaniine enn eusily be
demonstested by eompuring their effect upon

the exdiirance might have been hound.’ In our
lsbaentory such an elfecs could by densenateated
in yitamis By deficient rags In experitsenty
otilll in progress the endurmacs of rats in varius

s
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it 3
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ming. Duriag thismin deficioncy, the
performance decrcasce to a very low lovel; adiiy.
intration of the vitamin improves it greatly, 'wen
il the food intake remaing restricted (tabic i,

A decrease in endurance due (o 2 suboptimy
intake of vitaming i but ony of the many appar.

work

pachologienl ehanges  whioh, although cloeely
resenibling ench other, are duc in one instanee to a TABLE ¢ .
specifie vitamin deliciency sid in the other to o Bt of thiamin-deplation ondurenes
non-specilic cnmwe. This is illustrated in the ' F = 7 -
following experiment (Hg. 5): Of two groupe of ar |
rats one wua placed on o thiamin defcient diet,  wo. ! E | ! . W Sranes
while the other receiving a complete diet was
rostricted in its dood intake to that of the deple- ey
tion group. In bith groups frequent records were e e ;
taken of the weight. the heart rate and the sensi- N vsl e | 0y Thiswk | :
tivity to s convulsing dowe of thujone. It may he ' ton tnd o
sern that in both groups eonvulsions could be : Thisemi ‘ ,
“produced mpre rcadily ss the expetiment pro- i Blmla :'__‘,.‘ Fod snd domi
gressed.  However, cnly in the thiamin deicient | il .-
group did the beott rate shw the typical retarda- . Tl R R Aot e B
“
p—_F L il il hd IR B hr TR
& i gy [RrS——. v -—— . . . . ‘
, ®|im;» :v’nh-l- Pl st e
T .h IR
X W “
- 'l" -"
m,;‘ v
 dueedy
;n-
. _ C EON
_ ‘ . vy
¥ig. 5. The influence of thismin en heart rate; P
srowih and response te thujome. X ,;f Sy
ticn, which responded immedistely te thiamin Lo
sdministretion. The increnned senaftivity to the Tyt
copvulonst drug was, ~n the other hand, & result L
of the general state of insnitinn. and sesponded i3
tharefore in both groupe with Prolpines - :
~ wean inceraved intake of foad 116). -0 s
' _'I'Innbhmllmdl‘.-\.liom(l')!hhﬂhil!ﬂn-_ Cod
tion of vitaming is without. influenes on the pory T o
mmummumlrﬁm 5« w adequate . A
i i e s sl I el .
wmise « thedr effeet in spreitic Lo
ciencies, Howcver, if t'lm subjects im ‘Keys' — _ , ‘ S
exppricest would have lived on 8 guboptimal . <0 ¥k T Lt D 4 SO ’
vithmsin intake, & bemoicial uffert of vitamine on ; Gty 00 epedific conditions in which sdministen.|

tise of vitaming may prove tn be an efectiva,
therapeutic messure; ~While the elinteal eymp-;
omstelogy . of tully dyveloped vitamity deficic ny
iew, sueh e tickels, ocurvy, bariber] and prlingra,
Abero are andowhtedly a far gronter |

4

‘.
9

sumber of pubelinica! deficiencies and of oth:-’
S iy e A !
SR S T
4 s bt g T e e e
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diehay iy p- -fnctor. The  Inttor

eompilontivg

d,  Thus, it bas fre- -

o

hologieal sonditdons, In ‘which vitamin dad.
to the extont to which'

- 'grester than normal, Thus, it bas

b

corrnetion of a mild deficiancy which ix often
produced’ by imposition of u rigid dict  Bimi.
larly, sdininistration of vitaming to potienfe with
gaatric ulcers or on other restricted dicty may be
indiented and may imgrove the general condition

* by carrecting & nutritional defigiency.

¥ Undor certain conditions, ag in Inctation, preg-

* nancy, tropical environments (increased thiamin

excration through eweating) aud infectious dis.
esses, the vitamin requicements are considerably
been reported

Mills (18) that the thiemin requirements of
rata kopt in » tropleal climnte are about twice
those of the control salmals. This is dup pri-
marly to & decrossed food consumaption in the
hot room amd ean be correeted by doubling the

- thismin eoncentestions in the diet. Mice on a

sub-optimal riboflayin Intake are losy resistant to

- pneumococens I infection (10); and in our own

Inboratory it has been found that during no
infection with influensa virus the pantothenic
acid content of the liver is sigaificantly reduced,

_while the riboflavin content resnains constant

(table 7).
In summary, it may be stated that vitamins are

- pharmncological agents of exiremely lnw toxicity
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Muullitus permits » reduction in. the
. dokage of inaulin, However, in atrictly
§ enpesiacnls it can be shown that
Tl Soam: np | ce the course of the

which exhibit a pharmacodynamic effcet only in
an animal depleted of the specifie vitamin, How-
ever, since mild stages of vitamin, deficiencies
are quite frequent and may sccompany patho-
logical conditions resulting from other causs,
vitamins have a wide field of therapeutic appli-
cation.
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Effeots of Inqroaacd Donou of Natural and Synthetic
Vitamin B1

By Prof. Dr. Hans Molitor and Mr. W.L. Sempson, Ch.E.
From the Merck Institute of Therapcutio.ﬁaaeérch, Rahway. N.J.

The extremely large span between the therapeutic and the
toxio dose of vitamines has resulted in the fact that the
 pharmacology and the pathology of the avitaminoses were
investigated much earlier than those of the hypervitaminoses.
Thus, the disease conditions caused by the lack of vitamin B84
have been known for a long time whereas there is no detailed
information a8 yet on the toxic effects through overdosing.
Although this vitamin was chemioally isolated by Jansen and
Donath 1) as eerly as 1927, it was only accessible in such
small quantities that pharmacological and especially toxicological
series tests with their extreme requirements for materlal
could not ve begun. Only after R.R. Wilson et al ) had
developed a process which rendered possible the production of -
& pure vitamin from rice bran with a better yield, the
pharmacological and cliniocal examination of the crystallized
vitamin B, was started. But even then, the tests - because
of the high cost of the material (in the fall of 1935, the
production costs for 1 gram were more than $ 400.-) were
limited to the substitute of vitamin B, extracts by the pure
vitanin and the examination of its effect in relieving
experimental and olinical vitamin B, deficiency symptome.
However, these limited works showed already that the
therapeutical range of the pure vitamin B, was not smaller
than that of the other vitamins used in their pure form.
Thus,‘williams, Waterman and Vorhaus 3 report on subcutaneous
injeotions of individual doses of up to 90 mg in the human veing
without the least aeoondary effects. Last year, Moll4) reported
here that white mice tolerate well intravenous, intraperitoneal
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and subcutaneous injections of 0,5 cem of a 1:1000 vitamin
solution, and that the intravenous injectlon of 0,5 cem of
a 0,5% solution causesan acute shock effect but that the
animals recover from it in a few minutes.

An examination of the acute toxic effects of pure vitamin

B, in series tests only became possible after the question

of 1te manufacture had been solved and especially after
Willisms and Cline 5) had succeeded in synthetically producing
the valuable supstance in a relatively simple process.

This puolication is a short report of our investigations
on the acute toxic effects of pure vitamin Bl.

Toxic Effeota on Rats and'Mioo

The tolerance of crystallized vitamin B, was first tested

on rets and mice. The weight of the animals which all came
from the same breeder and received a uniform normal diet,

was, in the case of the mioe 18 - 20 grams, in the case of the
rats, 95- 105 grams; males were used almost exclusively,

The animals were kept in an air-conditioned space, where the
experiments were oarried out; the temperature was 23°C

_(3,1°); the relative humidity 45% (+ 3%). All experiments

were made during the months of September, Octob